The Austin, ~'.::xas, facility shown below is 
one of Motoroh't's E;l'cwing MOS production 
centt:rs. 
The 
construction 
now in progress 
will 
double 
wafer 
r;apacity. 
CMOS 


"systems-on-s"Jicon" 
are widely 
lloed in 
microcomputer, 
instrnmentation, 
communi- 


cations, 
industria l control, 
timepiece, 
and 
smoke detector applicationE. 
Motorola's 
CiVIOSii~nepro ...ideHbroad function coverage 
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volum.:-production devices. 
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CMOS INTEGRATED CIRCUITS 


Prepared by 


Technical 
Information 
Center 


This book presents technical 
data for the broad line of CMOS inte- 


grated 
circuits. 
Complete 
specifications 
are provided 
in the form of 


data sheets. 


The comprehensive 
specifications 
for the B Series reflect the in- 
dustry specification 
developed under the auspices of EINJEDEC. 
This 


coordination 
permits multiple 
sources of the B Series of devices. 
Motorola reserves the right to make changes to any product herein to 


improve reliability, 
function 
or design. Motorola does not assume any 


liability 
arising out of the application 
or use of any product described 
herein; neither does it convey any license under its patent rights nor the 
rights of others. 


For marketing 
and application 
information 
contact: 


CMOS 
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Motorola 
Semiconductor 
Products 
Inc. 


3501 Ed Bluestein 
Blvd. 


Austin, 
Texas 
78721 
(512) 928-6000. 


Series C 
©MOTOROLA 
INC., 1978 
Previous 
Edition 
©1976 


"All Rights 
Reserved" 


CP 
- 
3 to 18 V, -40 
to +85uC, 
plastic 
package 


L 
- 
Limited 
voltage 
range, limited 
temperature 
range, ceramic 
package 


P 
- 
Limited 
voltage 
range, limited 
temperature 
range, plastic 
package 


EFL 
- 
3 to 
18 V, -55 
to + 125°C, 
ceramic 
package 


F L 
- 
3 to 18 V, -40 
to +850C, 
ceramic 
package 


FP 
- 
3 to 18 V, -40 
to +850C, 
plastic 
package 


EV L - 
3 to 6 V, -55 
to + 125°C, 
ceramic 
package 


VL 
- 
3 to 6 V, -40 
to +850C, 
ceramic 
package 


VP 
- 
3 to 6 V, -40 
to 85°C, 
plastic 
package 


Z 
- 
Limited 
voltage 
range, limited 
temperature 
range, leadless ceramic 
package 


Available 
in 
Second 


Part Number 
Function 
Suffix· 
Pins 
HI·REL 
Sourced 
Page 


MC14000UB 
Dual 3-lnput 
NOR 
Gate plus Inverter 
AL,CL,CP 
14 
v' 
v' 
7-2 


MC14001B 
Quad 2-lnput 
NOR 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-5 


MC14001UB 
Quad 2-lnput 
NOR 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-13 


MC14002B 
Dual 4-lnput 
NOR 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-5 


MC14002UB 
Dual 4-lnput 
NOR 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-13 


MC14006B 
18-Bit 
Static 
Sh ift 
Register 
AL,CL,CP 
14 
v' 
v' 
7-18 


MC14007UB 
Dual Complementary 
Pair plus Inverter 
AL,CL,CP 
14 
v' 
v' 
7-22 


MC14008B 
4-Bit 
Full 
Adder 
AL,CL,CP 
16 
v' 
v' 
7-26 


MC14011B 
Quad 2-lnput 
NAND 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-5 


MC14011UB 
Quad 2-lnput 
NAND 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-13 


MC14012B 
Dual 4-lnput 
NAND 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-5 


MC14012UB 
Dual 4-lnput 
NAND 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-13 


MC14013B 
Dual 
D Flip-Flop 
AL,CL,CP 
14 
v' 
v' 
7-34 


MC4014B 
8-Bit 
Static 
Shift 
Register 
AL,CL,CP 
16 
v' 
v' 
7-38 


MC14015B 
Dual 5-Bit 
Static 
Shift 
Register 
AL,CL,CP 
16 
v' 
v' 
7-42 


MC14016B 
Quad Analog 
Switch/Quad 
Multiplexer 
AL,CL,CP 
14 
v' 
v' 
7-48 


MC14017B 
Decade Counter/Divider 
AL,CL,CP 
16 
v' 
v' 
7-54 


MC14018B 
Presettable 
Divide-by-N 
Counter 
AL,CL,CP 
16 
v' 
v' 
7-59 


MC14020B 
14-Bit 
Binary 
Counter 
AL,CL,CP 
16 
v' 
v' 
7-63 


MC14021B 
8-Bit 
Static 
Shift 
Register 
AL,CL,CP 
16 
v' 
v' 
7-38 


MC14022B 
Octal 
Counter/Divider 
AL,CL,CP 
16 
v' 
v' 
7-68 


MC14023B 
Triple 
3-lnput 
NAND 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-5 
MC14023UB 
Triple 
3-lnput 
NAND 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-13 


MC14024B 
7-Stage Ripple 
Counter 
AL,CL,CP 
14 
v' 
v' 
7-74 


MC14025B 
Triple 
3-lnput 
NOR 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-5 


MC14025UB 
Triple 
3-lnput 
NOR 
Gate 
AL,CL,CP 
14 
v' 
v' 
7-13 


MC14027B 
Dual J-K 
Flip-Flop 
AL,CL,CP 
16 
v' 
v' 
7-80 


MC14028B 
BCD-to-Decimal 
Decoder 
AL,CL,CP 
16 
v' 
v' 
7-84 


MC14029B 
4-Bit 
Presettable 
Up/Down 
Counter 
AL,CL,CP 
16 
v' 
v' 
7-89 
MC14032B 
Triple 
Serial Adder 
(Positive 
Logic) 
AL,CL,CP 
16 
v' 
v' 
7-95 


MC14034B 
8-Bit 
Universal 
Bus Register 
AL,CL,CP 
24 
v' 
v' 
7-100 


MC14035B 
4-Bit 
Shift 
Register 
AL,CL,CP 
16 
v' 
v' 
7-107 
MC14038B 
Triple 
Serial Adder 
(Negative 
Logic) 
AL,CL,CP 
16 
v' 
v' 
7-95 
MC14040B 
12-Bit 
Binary 
Counter 
AL,CL,CP 
16 
v' 
v' 
7-112 
MC14042B 
Quad 
Latch 
AL,CL,CP 
16 
v' 
v' 
7-116 


MC14043B 
Quad NOR 
R-S Latch 
AL,CL,CP 
16 
v' 
v' 
7-120 


MC14044B 
Quad NAND 
R-S Latch 
AL,CL,CP 
16 
v' 
v' 
7-120 


MC14046B 
Phase-Locked 
Loop 
AL,CL,CP 
16 
v' 
v' 
7-12/ 


MC14049UB 
Hex Inverter/Buffer 
AL,CL,CP 
16 
v' 
v' 
7-' 
MC14050B 
Hex Buffer 
AL,CL,CP 
16 
v' 
v' 
- 


• Add 
suffix 
to part 
number 
on all orders. 


Chips are available 
for all CMOS types. 
Consult 
your 
Motorola 
Sales Office 
or Authorized 
Motorola 
Distril 
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in 
Second 
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MC14051B 
8-Channel 
Analog 
Multiplexer 
AL,CL,CP 
16 
.J 
.J 
7-133 


MC14052B 
Dual 4-Channel 
Analog 
Multiplexer 
AL,CL,CP 
16 
.J 
.J 
7-133 


MC14053B 
Triple 
2-Channel 
Analog 
Multiplexer 
AL,CL,CP 
16 
.J 
.J 
7-133 


MC14066B 
Quad Analog 
Switch 
AL,CL,CP 
14 
.J 
.J 
7-139 


MC14068B 
8-lnput 
NAND 
Gate 
AL,CL,CP 
14 
.J 
.J 
7-5 


MC14069UB 
Hex Inverter 
AL,CL,CP 
14 
.J 
.J 
7-145 


MC14070B 
Quad 
Exclusive 
OR Gate 
AL,CL,CP 
14 
.J 
.J 
7-147 


MC14071B 
Quad 2-lnput 
OR Gate 
AL,CL,CP 
14 
.J 
.J 
7-5 


MC14072B 
Dual 4-lnput 
OR Gate 
AL,CL,CP 
14 
.J 
.J 
7-5 


MC14073B 
Triple 
3-lnput 
AND 
Gate 
AL,CL,CP 
14 
.J 
.J 
7-5 


MC14075B 
Triple 
3-lnput 
OR Gate 
AL,CL,CP 
14 
.J 
.J 
7-5 


MC14076B 
Quad 
D-Type 
Register 
AL,CL,CP 
16 
.J 
.J 
7-153 


MC14077B 
Quad 
Exclusive 
NOR 
Gate 
AL,CL,CP 
14 
.J 
.J 
7-147 


MC14078B 
8-lnput 
NOR 
Gate 
AL,CL,CP 
14 
.J 
.J 
7-5 


MC14081B 
Quad 2-lnput 
AND 
Gate 
AL,CL,CP 
14 
.J 
.J 
7-5 


MC14082B 
Dual 4-lnput 
AND 
Gate 
AL,CL,CP 
14 
.J 
.J 
7-5 


MC14093B 
Quad 2-lnput 
NAND 
Schmitt 
Trigger 
AL,CL,CP 
14 
.J 
.J 
7-161 


MC14094B 
8-Bit 
Bus-Compatible 
Shift 
Store 
Latch 
AL,CL,CP 
16 
.J 
.J 
7-165 


MC14099B 
8-Bit 
Addressable 
Latch 
AL,CL,CP 
16 
.J 
.J 
7-169 


MC14160B 
Decade Counter 
(Asynchronous 
Clear) 
AL,CL,CP 
16 
.J 
.J 
7-175 


MC14161B 
Binary 
Counter 
(Asynchronous 
Clear) 
AL,CL,CP 
16 
.J 
.J 
7-175 


MC14162B 
Decade Counter 
(Synchronous 
Clear) 
AL,CL,CP 
16 
.J 
.J 
7-175 


MC14163B 
Binary 
Counter 
(Synchronous 
Clear) 
AL,CL,CP 
16 
.J 
.J 
7-175 


MC14174B 
Hex D Flip-Flop 
AL,CL,CP 
16 
.J 
.J 
7-183 


MC14175B 
Quad 
D Flip-Flop 
AL,CL,CP 
16 
.J 
.J 
7-187 


MC14194B 
4-Bit 
Universal 
Shift 
Register 
AL,CL,CP 
16 
.J 
.J 
7-191 


MC14403 
Tone 
Encoder 
L,P 
16 
7-195 


MC14405 
Tone 
Encoder 
L,P 
18 
7-195 


MC14406 
Pulse Code Modulator 
L,P 
28 
7-199 


MC14407 
Pulse Code Modulator 
L,P 
22 
7-199 


MC14408 
Binary-to-Phone 
Pulse Converter 
L,P 
16 
7-209 


MC14409 
Binary-to-Phone 
Pulse Converter 
L,P 
16 
7-209 


MC14410 
2-of-8 
Tone 
Encoder 
L,P 
16 
7-217 


MC14411 
Bit-Rate 
Frequency 
Generator 
L,P 
24 
7-221 


MC14412 
Universal 
Low-Speed 
Modem 
FL,VL 
16 
7-224 


MC14415 
Quad Precision 
Timer/Driver 
EFL,FL,FP, 
16 
7-229 
EVL,VL,VP 


MC14419 
2-of-8 
Keypad-to-Binary 
Encoder 
L,P 
16 
7-234 


MC14422 
Remote 
Control 
Transmitter 
P 
16 
7-238 


MC14433 
3-1/2 
Digit 
A/D 
Converter 
L,P 
24 
7-244 


MC14435 
3-1/2 
Digit 
A/D 
Logic 
Subsystem 
EFL,FL,FP, 
16 
7-256 
EVL,VL,VP 


MC14440 
LCD Watch/Clock 
Circuit 
L,Z 
40,36 
7-263 


MC14443 
8-Channel 
A/D 
Converter 
L,P 
16 
7-264 


MC14447 
8-Channel 
A/D 
Converter 
L,P 
16 
7-264 


MC14450 
Oscillator 
216 Divider/Buffer 
L,P 
6 
7-268 
MC14451 
Oscillator 
Divider/Buffer 
L,P 
16 
7-272 


MC14457 
Transmitter 
P 
16 
7-276 
MC14458 
Receiver 
P 
24 
7-276 


MC14460 
Automotive 
Speed Control 
Processor 
P 
16 
7-287 


MC14461 
Smoke 
Detector, 
Ion Type 
P 
16 
7-293 


MC14462 
Smoke 
Detector, 
Ion Type, 
FET 
P 
16 
7-293 


Available 
in 
Second 


Part Number 
Function 
Suffix· 
Pins 
HI-REl 
Sourced 
Page 


MC14464 
Smoke 
Detector 
Circuit 
P 
16 
7-303 


MC14465 
Smoke 
Detector 
Circu it 
P 
16 
7-303 


MC14466 
low 
Cost Smoke 
Detector 
P 
16 
6-3 


MC14469 
Addressable 
Asynchr. 
Receiver/Transmitter 
P 
40 
7-307 


MC14478 
5-Function, 
4-Digit 
LCD Watch 
P,Chip 
40 
7-315 


MCC14479 
5-Function, 
4-Digit 
LCD Watch 
Chip 
- 
7-318 


MC14480 
5-Function, 
4-Digit 
LCD Watch 
L,P,Chip 
40 
7-318 


MCC14481 
6-Function, 
4-Digit 
LCD Watch 
Chip 
- 
7-322 


MCC14487 
11-Function, 
6-Digit 
LCD Watch 
Circuit 
Chip 
- 
6-4 


MC14490 
Hex Contact 
Bounce 
Eliminator 
EFL,FL,FP, 
16 
7-326 


EVL,Vl,VP 


MC14495 
BCD-to-7 
Segment 
Decoder 
Driver/Latch 
l,P 
16 
7-333 


MC14500B 
Industrial 
Control 
Unit 
AL,Cl,CP 
16 
.J 
7-336 


MC14501UB 
Triple 
Gate 
AL,CL,CP 
16 
.J 
7-342 


MC14502B 
Strobed 
Hex 
Inverter/Buffer 
AL,CL,CP 
16 
.J 
.J 
7-346 


MC14503B 
Hex 3-State 
Buffer 
AL,CL,CP 
16 
.J 
.J 
7-350 


MC14504B 
Hex TTL 
or CMOS to CMOS 
Level Shifter 
AL,CL,CP 
16 
.J 
7-354 


MCM14505 
64 X 1-Bit 
Static 
RAM 
AL,CL,CP 
14 
.J 
7-357 


MC14506B 
Dual 
Expandable 
AOI 
Gate 
AL,CL,CP 
16 
.J 
7-366 


MC14508B 
Dual 4-B it latch 
AL,CL,CP 
24 
.J 
7-371 


MC14510B 
BCD Up/Down 
Counter 
AL,CL,CP 
16 
.J 
.J 
7-376 


MC14511B 
BCD-to-7 
Segment 
Latch/Decoder/Driver 
Al,CL,CP 
16 
.J 
.J 
7-382 


MC14512B 
8-Channel 
Data Selector 
AL,CL,CP 
16 
.J 
.J 
7-388 


MC14513B 
BCD-to-7 
Segment 
Latch/Decoder/ 
Al,CL,CP 
18 
.J 
.J 
7-392 
Driver 
- 
Ripple 
Blanking 


MC14514B 
4-Bit 
latch/4-to-16 
Line 
Decoder 
(H igh) 
AL,CL,CP 
24 
.J 
.J 
7-400 


MC14515B 
4-Bit 
Latch/4-to-16 
Line 
Decoder 
(Low) 
AL,Cl,CP 
24 
.J 
V 
7-400 


MC14516B 
Binary 
Up/Down 
Counter 
AL,CL,CP 
16 
.J 
.J 
7-406 


MC14517B 
Dual 64-Bit 
Static 
Shift 
Register 
AL,CL,CP 
16 
.J 
.J 
7-412 


MC14518B 
Dual BCD Up Counter 
AL,CL,CP 
16 
.J 
.J 
7-416 


MC14519B 
4-Bit 
AN D/OR 
Selector 
AL,CL,CP 
16 
.J 
.J 
7-421 


MC14520B 
Dual Binary 
Up Counter 
AL,CL,CP 
16 
.J 
.J 
7-416 


MC14521B 
24-Stage 
Frequency 
Divider 
AL,CL,CP 
16 
.J 
7-426 


MC14522B 
Programmable 
BCD Divide-by-N 
Counter 
AL,Cl,CP 
16 
.J 
.J 
7-432 


MCM14524 
256 X 4-Bit 
Read Only 
Memory 
AL,CL,CP 
16 
.J 
7-439 


MC14526B 
Programmable 
Binary 
Divide-by-N 
Counter 
AL,CL,CP 
16 
.J 
.J 
7-432 


MC14527B 
BCD Rate Mutliplier 
AL,CL,CP 
16 
.J 
.J 
7-446 


MC14528B 
Dual Monostable 
Multivibrator 
Al,Cl,CP 
16 
.J 
.J 
7-452 


MC14529B 
Dual 4-Channel 
Analog 
Data Selector 
AL,CL,CP 
16 
.J 
.J 
7-457 


MC14530B 
Dual 5-lnput 
Majority 
Logic 
Gate 
AL,CL,CP 
16 
.J 
7-463 


MC14531B 
12-Bit 
Parity 
Tree 
AL,CL,CP 
16 
.J 
.J 
7-468 


MC14532B 
8-Bit 
Priority 
Encoder 
AL,CL,CP 
16 
.J 
.J 
7-471 


MC14534B 
Real Time 
5-Decade 
Counter 
AL,CL,CP 
24 
.J 
7-477 


MC14536B 
Programmable 
Timer 
~ 
AL,CL,CP 
16 
.J 
7-483 
MCM14537 
256 X 1-Bit 
Static 
RAM 
AL,CL 
16 
.J 
7-490 


MC14538B 
Dual Precision 
Monostable 
Multivibrator 
AL,CL,CP 
16 
.J 
7-498 
MC14539B 
Dual 4-Channel 
Data Selector/Multiplexer 
AL,CL,CP 
16 
.J 
7-506 


MC14541B 
Programmable 
Oscillator-Timer 
AL,CL,CP 
14 
.J 
7-510 


MC14543B 
BCD-to-7 
Segment 
Latch/Decoder/Driver 
AL,CL,CP 
16 
.J 
.J 
7-516 
MC14544B 
BCD-to-7 
Segment 
Latch/Decoder/ 
AL,CL,CP 
18 
.J 
7-521 


Driver 
- 
Ripple 
Blanking 
MC14547B 
BCD-to-7 
Segment 
Decoder/ 
AL,CL,CP 
18 
V 
7-527 


Driver/Latch 
- 
High Current 
MC14549B 
Successive Approximation 
Register 
AL,CL,CP 
16 
.J 
7-53' 


Available 
in 
Second 


Part Number 
Function 
Suffix* 
Pins 
HI-REL 
Sourced 
Page 


MC14551B 
Quad 2-Channel 
Analog 
MUX 
AL,CL.CP 
16 
,j 
7-538 


MCM14552 
64 X 4-Bit 
Static 
RAM 
AL,CL,CP 
24 
,j 
7-544 


MC14553B 
3-Digit 
BCD Counter 
AL,CL,CP 
16 
,j 
7-551 


MC14554B 
2 X 2-Bit 
Parallel 
Binary 
Multiplier 
AL,CL.CP 
16 
,j 
7-557 


MC14555B 
Dual 
Binary 
to 1-of-4 
Decoder 
AL.CL.CP 
16 
,j 
,j 
7-561 


MC14556B 
Dual Binary 
to 1-of-4 
Decoder 
(Inverting) 
AL,CL,CP 
16 
,j 
,j 
7-561 


MC14557B 
1-to-64-Bit 
Variable 
Length 
Shift 
Register 
AL,CL,CP 
16 
,j 
7-564 


MC14558B 
BCD-to-7 
Segment 
Decoder 
AL,CL,CP 
16 
,j 
7-568 
MC14559B 
Successive Approximation 
Register 
AL,CL,CP 
16 
,j 
7-531 


MC14560B 
NBCD 
Adder 
AL,CL,CP 
16 
,j 
7-574 


MC14561B 
9's Com pi em enter 
AL,CL,CP 
14 
,j 
7-578 


MC14562B 
128-Bit 
Static 
Shift 
Register 
AL,CL,CP 
14 
,j 
7-584 


MC14566B 
Industrial 
Time 
Base Generator 
AL.CL,CP 
16 
,j 
7-588 
MC14568B 
Phase Comparator 
Programmable 
Counter 
AL,CL,CP 
16 
,j 
7-594 
MC14569B 
Dual Programmable 
BCD Binary 
Counter 
AL,CL,CP 
16 
,j 
7-604 


MC14572UB 
Hex Gate 
AL,CL,CP 
16 
,j 
7-608 
MC14573 
Quad Programmable 
Op Amp 
AL,CL,CP 
16 
,j 
7-611 
MC14574 
Quad Programmable 
Comparator 
AL,CL,CP 
16 
,j 
7-611 
MC14575 
Dual/Dual 
Programmable 
Op Amp 
Compo 
AL,CL,CP 
16 
,j 
7-611 
MC14580B 
4 X 4 Mu Itiport 
Register 
AL,CL,CP 
24 
,j 
,j 
7-615 


MC14581B 
4-Bit 
Arithmetic 
Logic 
Unit 
AL,CL.CP 
24 
,j 
,j 
7-620 
MC14582B 
Look-Ahead 
Carry 
Block 
AL.CL,CP 
16 
,j 
,j 
7-625 
MC14583B 
Dual Schmitt 
Trigger 
AL,CL,CP 
16 
,j 
7-629 
MC14584B 
Hex Schmitt 
Trigger 
AL,CL,CP 
14 
,j 
7-633 
MC14585B 
4-Bit 
Magnitude 
Comparator 
AL,CL,CP 
16 
,j 
,j 
7-637 


MC14597B 
8-Bit 
Bus Compatible 
Counter/Latch 
AL,CL.CP 
16 
,j 
7-643 


MC14598B 
8-Bit 
Bus Compatible 
Addressable 
Latch 
AL.CL.CP 
18 
,j 
7-643 
MC14599B 
8-Bit 
Addressable 
Latch 
AL,CL,CP 
18 
,j 
7-169 
MC141000 
One-Chip 
Microcomputer 
L,P 
28 
7-650 
MC141099 
4-Bit 
MPU 
L,P 
48 
7-650 


MC141200 
One-Chip 
Microcomputer 
L,P 
40 
7-650 
MC142100 
4 X 4 Cross Point 
Switch 
w/Control 
Memory 
L,P 
16 
7-660 
MC145100 
4 X 4 Cross Point 
Switch 
w/Control 
Memory 
L,P 
16 
7-660 
MCM145101 
256 
X 4 RAM 
L,P 
22 
,j 
7-663 
MC145104 
PLL 
Frequency 
Synthesizer 
P 
16 
,j 
7-667 


MC145106 
PLL 
Frequency 
Synthesizer 
P 
18 
,j 
7-667 
MC145107 
PLL 
Frequency 
Synthesizer 
P 
16 
,j 
7-667 
MC145109 
PLL 
Frequency 
Synthesizer 
P 
16 
,j 
7-667 
MC145112 
PL L Frequency 
Synthesizer 
P 
18 
,j 
7-667 
MCM146504 
4096 
X 1-Bit 
Static 
RAM 
L,P 
18 
,j 
7-673 


MCM146508 
1024 
X 1 RAM 
L,P 
16 
,j 
7-674 
MCM146514 
1024 
X 4 Static 
RAM 
L,P 
18 
6-5 
MCM146518 
1024 
X 1 RAM 
L.P 
18 
,j 
7-674 
MCM146805 
M icroprocesso 
r/M icroco m pu ter 
L 
28,40 
6-6 
MCM146818 
Real-Time 
Clock/RAM 
L 
22 
6-7 
MCM146819 
Real-Time 
Clock/RAM 
L 
28 
6-7 


Product Selection Guide 


• 


NAND 
Gates 


MC14011 
B 


MC14011UB 


MC14093B 


MC14023B 


MC14023UB 


MC14012B 


MC14012UB 


MC14068B 


NOR Gates 


MC14001B 


MC14001UB 


MC14025B 


MC14025UB 


MC14000UB 


MC14002B 


MC14002UB 


MC14078B 


AND Gates 


MC14081B 


MC14073B 


MC14082B 


OR Gates 


MC14071 
B 


MC14075B 


MC14072B 


Complex 
Gates 


MC14070B 


MC14077B 


MC14501UB 


MC14506B 


MC14519B 


MC14530B 


MC14572UB 


Quad 2-lnput 
NAND 
Gate 
. 


Quad 2-lnput 
NAND 
Gate 
. 


Quad 2-lnput 
NAND 
Schmitt 
Trigger 


Triple 
3-lnput 
NAND 
Gate 


Triple 
3-lnput 
NAND 
Gate 


Dual 4-lnput 
NAN D Gate 


Dual 4-lnput 
NAND 
Gate 


8-lnput 
NAND 
Gate 
... 


Quad 2-lnput 
NOR 
Gate. 


Quad 2-lnput 
NOR 
Gate. 


Triple 
3-1nput 
NOR Gate 


Triple 
3-lnput 
NOR Gate 


Dual 3-lnput 
NOR 
Gate plus Inverter 


Dual 4-lnput 
NOR 
Gate 


Dual 4-lnput 
NOR Gate 


8-lnput 
NOR Gate 
... 


Quad 2-lnput 
AND 
Gate. 


Triple 
3-lnput 
AND 
Gate 


Dual 4-lnput 
AND 
Gate. 


Quad 2-lnput 
OR Gate. 


Triple 
3-lnput 
OR Gate 


Dual 4-lnput 
OR Gate. 


Quad 
Exclusive 
OR Gate .. 


Quad 
Exclusive 
NOR 
Gate. 


Triple 
Gate. 


(Dual 4-lnput 
NAND 
Gate and 2-lnput 
NOR/OR 
Gate or 
8-lnput 
AND/NAND 
Gate) 


Dual 
Expandable 
AND-OR-INVERT 
Gate 
. 


4-Bit 
AND/OR 
Selector 
. . . . . . . . . .. 
. 
. 


(Quad 2-Channel 
Data Selector 
or Quad 
Exclusive 
NOR 
Gate) 


Dual 5-lnput 
Majority 
Logic 
Gate. 
. 
. 


Hex Gate. 
. 
. 


(Quad 
Inverter 
plus 2-lnput 
NOR 
Gate plus 2-lnput 
NAND 
Gate) 


MC14007UB 


MC14049UB 


MC14050B 


MC14069UB 


MC14502B 
MC14503B 


MC14504B 


MC14584B 


Dual Complementary 
Pair plus Inverter 


Hex 
Inverter/Buffer. 


Hex Buffer 
. 


Hex 
Inverter 
. 


Strobed 
Hex Inverter/Buffer. 


Hex 3-State 
Buffer 
. 


TTL 
or CMOS to CMOS 
Hex Level Shifter 


Hex Schmitt 
Trigger 
. 


7-5 


7-13 


7-161 
7-5 


7-13 
7-5 


7-13 
7-5 


7-5 


7-13 
7-5 


7-13 
7-2 
7-5 


7-13 
7-5 


7-147 


7-147 


7-342 


7-366 


7-421 


7-463 


7-608 


7-22 


7-129 


7-129 


7-145 


7-346 


7-350 


7-354 


7-633 


MC14028B 


MC14514B 


MC14515B 


MC14532B 


MC14555B 


MC14556B 


MC14495 


MC14511B 


MC14513B 


MC14543B 


MC14544B 


MC14547B 


MC14558B 


BCD-to-Decimal/Binary-to-Octal 
Decoder. 


4-Bit 
Latch/4-to-16 
Line 
Decoder 
(High) 


4-Bit 
Latch/4-to-16 
Line 
Decoder 
(Low), 
. 


8-Bit 
Priority 
Encoder 
. 


Dual Binary-to-1-of-4 
Decoder/Demultiplexer. 


Dual Binary-to-1-of-4 
Decoder/Demultiplexer 
(Inverting) 
. 


7-84 


7-400 


7-400 


7-471 


7-561 


7-561 


BCD-to-Seven 
Segment 
Decoder/Driver/Latch 
. 


BCD-to-Seven 
Segment 
Latch/Decoder/Driver 
. 


BCD-to-Seven 
Segment 
Latch/Decoder/Driver 
- 
Ripple 
Blanking 


BCD-to-Seven 
Segment 
Latch/Decoder/Driver 
_ .. 


BCD-to-Seven 
Segment 
Latch/Decoder/Driver 
- 
Ripple 
Blanking 


BCD-to-Seven 
Segment 
Latch/Decoder/Driver 
- 
High Currrent. 


BCD-to-Seven 
Segment 
Decoder 
. 


7-333 


7-382 


7-392 


7-516 


7-521 


7-527 


7-568 


MuItiplexers/Dem ulti plexe rs/Bi lateral Sw itches 


MC14016B 
Quad Analog 
Switch/Quad 
Multiplexer 
. 


MC14066B 
Quad Analog 
Switch/Quad 
Multiplexer 
. 


MC14053B 
Triple 
2-Channel 
Analog 
Multiplexer/Demultiplexer. 


MC14052B 
Dual 4-Channel 
Analog 
Multiplexer/Demultiplexer. 


MC14529B 
Dual 4-Channel 
Analog 
Data Selector 
. 


MC14539B 
Dual 4-Channel 
Data Selector/Multiplexer 
. 


MC14051 
B 
8-Channel 
Analog 
Multiplexer/Demultiplexer. 


MC14512B 
8-Channel 
Data Selector 
. 


MC14519B 
4-Bit 
AND/OR 
Selector 
. 


MC14551 
B 
Quad 2-lnput 
Analog 
Multiplexer/Demultiplexer. 


Schmitt Triggers 


MC14093B 


MC14583B 


MC14584B 


MC14013B 


MC14027B 


MC14042B 


MC14043B 


MC14044B 


MC14076B 


MC14175B 


MC14508B 


MC14174B 


MC14099B 


MC14597B 


MC14598B 


MC14599B 


7-48 


7-139 


7-133 


7-133 


7-457 


7-506 


7-133 


7-388 


7-421 


7-538 


Quad 2-lnput 
NAND 
Schmitt 
Trigger 


Dual Schmitt 
Trigger. 


Hex Schmitt 
Trigger 


7-161 


7-629 


7-633 


Dual Type 
D Flip-Flop. 


Dual J-K Flip-Flop 
.. 


Quad Latch 
. 


Quad NOR 
R-S Latch 
. 


Quad NAND 
R-S Latch 


Quad 
OoType Register 
. 


Quad Type 
D Flip-Flop 


Dual 4-Bit 
Latch 
.... 


Hex Type 
D Flip-Flop. 


8-Bit 
Addressable 
Latch 


8-Bit, 
Bus -Compatible 
3-State 
Latches 
- 
Internal 
Counter. 


8-Bit, 
Bus-Compatible 
3-State 
Latches 
- 
Binary 
Address 


8-Bit 
Addressable 
Latch 
with 
Bidirectional 
Port 
. 


7-34 
7-80 


7-116 


7-120 


7-120 


7-153 


7-187 


7-371 


7-183 


7-169 


7-643 


7-643 


7-169 


Shift Registers 


MC14035B 


MC14194B 


MC14015B 


MC14014B 


MC14021B 


MC14034B 


MC14094B 


MC14006B 


MC14557B 


MC14517B 


MC14562B 


MC14024B 


MC14017B 


MC14018B 


MC14160B 


MC14162B 


MC14029B 


MC14510B 


MC14522B 


MC14040B 


MC14020B 


MC14022B 


MC14161B 


MC14163B 


MC14516B 


MC14526B 


MC14518B 


MC14520B 


MC14569B 


MC14553B 


MC14534B 


MC14566B 


MC14521B 


MC14536B 


MC14541 
B 


MC14450 


MC14451 


4-Bit 
Parallel-In/Parallel-Out 
Shift 
Register 


4-Bit 
Bidirectional 
Universal 
Shift 
Register 


Dual 4-Bit 
Static 
Shift 
Register. 


8-Bit 
Static 
Shift 
Register 
.. 


8-Bit 
Static 
Shift 
Register 
.. 


8-Bit 
Universal 
Bus Register. 


8-Stage 
Shift/Store 
Register. 


18-Bit 
Static 
Shift 
Register 
. 


1-to-64 
Bit Variable 
Length 
Shift 
Register. 


Dual 
64-Bit 
Static 
Shift 
Register 


128-Bit 
Static 
Shift 
Register 
. 


Seven-Stage 
Ripple 
Counter 
. 


Decade Counter/Divider 
. 


Presettable 
Divide-by-N 
Counter 


Decade Counter 
(Asynchronous 
Clear). 


Decade Counter 
(Synchronous 
Clear) 


4-Bit 
Presettable 
Up/Down 
Counter 
.. 


BCD Up/Down 
Counter 
. 


Programmable 
Divide-by-N 
4-Bit 
Counter 
(BCD) 
. 


12-Bit 
Binary 
Counter 


14-Bit 
Binary 
Counter 


Octal 
Counter/Divider 


4-Bit 
Binary 
Counter 
(Asynchronous 
Clear) 
. 


4-Bit 
Binary 
Counter 
(Synchronous 
Clear). 
. 


Binary 
Up/Down 
Counter 
. 


Programmable 
Divide-by-N 
4-Bit 
Counter 
(Binary) 
. 


Dual 
BCD Up Counter. 
.. 
. 
. 


Dual 
Binary 
Up Counter 
. 


Dual 
Programmable 
BCD/Binary 
Counter. 


Three-Digit 
BCD Counter 
.... 


Real Time 
5-Decade 
Counter 
.. 


Industrial 
Time 
Base Generator. 


25-Stage 
Frequency 
Divider. 


Programmable 
Timer 
..... 


Programmable 
Oscillator/Timer. 


Oscillator/216 
Divider/Buffer 
.. 


Oscillator/211 
to 219 
Divider/Buffered 
Duty 
Cycle 
Control 


Phase-Locked 
Loops 


MC14046B 
Phase-Locked 
Loop. 
. 
. 


M C14568B 
Phase Comparator 
and Programmable 
Counter 


MC145104 
Phase-Locked 
Loop 
Frequency 
Synthesizer. 


MC145106 
Phase-Locked 
Loop 
Frequency 
Synthesizer. 


MC145107 
Phase-Locked 
Loop 
Frequency 
Synthesizer. 


MC145109 
Phase-Locked 
Loop 
Frequency 
Synthesizer. 


MC145112 
Phase-Locked 
Loop 
Frequency 
Synthesizer 
.. 


7-107 


7-191 
7-42 


7-38 


7-38 


7-100 


7-165 
7-18 


7-564 


7-412 


7-584 


7-74 


7-54 


7-59 


7-175 


7-175 


7-89 


7-376 


7-432 


7-112 


7-63 


7-68 


7-175 


7-175 


7-406 


7-432 


7-416 
7-416 


7-604 


7-551 


7-477 


7-588 


7-426 
7-483 


7-510 


7-268 


7-272 


7-124 


7-594 
7-667 


7-667 


7-667 


7-667 


7-667 


Multivibrators 


MC14528B 


MC14538B 


MC14008B 


MC14032B 


MC14038B 


MC14560B 


MC14561B 


MC14582B 


MC14585B 


Dual Retriggerable/Resettable 
Monostable 
Multivibrator 
. 


Dual Precision 
Retriggerable/Resettable 
Monostable 
Mu Itivibrator 
. 


7-452 


7-498 


4-Bit 
full 
Adder 
. 


Triple 
Serial Adder 
(Positive 
Logic). 


Triple 
Serial Adder 
(Negative 
Logic) 


NBCD 
Adder 
. 


9's Complementer 
. 


Look-Ahead 
Carry 
Block 
. 


4-Bit 
Magnitude 
Comparator 


7-26 


7-95 


7-95 


7-574 


7-578 


7-625 


7-637 


MC14527B 


MC14554B 


MC14581 
B 


Parity 
Checker 


MC14531B 


MC14580B 
MCM14505 


MCM14537 


MCM14552 


MCM14524 


MCM145101 


MCM146504 


MCM146508 


MCM146514 


MCM146518 


MCM146805 


MCM146818 


MCM146819 


BCD Rate Multiplier 
. 


2 X 2-Bit 
Parallel 
Binary 
Multiplier. 


4-Bit 
Arithmetic 
Logic 
Unit 
..... 


7-446 


7-557 


7-620 


4 X 4 Multipart 
Register 
. 


64-Bit 
Static 
Random 
Access Memory. 


256-Bit 
Static 
Random 
Access Memory 


256-Bit 
Static 
Random 
Access Memory 


1024-Bit 
Read Only 
Memory 
. 


1024-Bit 
Static 
Random 
Access Memory 


4096 
X 1-Bit 
Static 
Random 
Access Memory. 


1024 
X 1-Bit 
Static 
Random 
Access Memory. 


1024 
X 4-Bit 
Static 
Random 
Access Memory. 


1024 
X 1-Bit 
Static 
Random 
Access Memory. 


Microprocessors/Microcomputers. 


Real-Time 
Clock/RAM. 


Real-Time 
Clock/RAM 
.. 


7-620 


7-357 


7-490 


7-544 


7-439 


7-663 


7-673 


7-674 
6-5 


7-674 
6-6 
6-7 
6-7 


Communications/Telephone 
Functions 


MC14408 
Binary-to-Phone 
Pulse Converter 
Subsystem. 


MC14409 
Binary-to-Phone 
Pulse Converter 
Subsystem. 


MC14410 
2-of-8 
Tone 
Encoder 
. 


MC14411 
Bit Rate Generator 
. 


MC14412 
Universal 
Low-Speed 
Modem 
. 


MC14419 
2-of-8 
Keypad-to-Binary 
Encoder. 


MC14403 
DTMF 
Integrated 
Tone 
Dialer 
. 


MC14405 
DTMF 
Integrated 
Tone 
Dialer 
. 


MC14406 
Full 
Duplex 
8-Bit 
Companded 
PCM Codec 


MC14407 
Full 
Duplex 
8-Bit 
Companded 
PCM Codec 


MC142100 
4 X 4 Cross Point 
Switch 
with 
Control 
Memory 


MC145100 
4 X 4 Cross Point 
Switch 
with 
Control 
Memory 


7-209 


7-209 


7-217 


7-221 


7-224 


7-234 


7-195 


7-195 


7-199 


7-199 


7-660 
7-660 


Watch Circuits 


MC14450 


MC14451 


MC14478 


MCC14479 


MC14480 


MCC14481 


Oscillator/216 
Divider/Buffer 
. 


Oscillator/211 
to 219 Divider/Buffered 
Duty 
Cycle Control 


5-Function, 
4·Digit 
LCD Watch Circuit 


5·Function, 
4-Digit 
LCD Watch Circuit 


5-Function, 
4-Digit 
LCD Watch 
Circuit 


6-Function, 
4-Digit 
LCD Watch 
Circuit 


MC14500B 


MC141000 


MC141099 


MC141200 


Industrial 
Control 
Unit. 


One Chip Microcomputer 


One Chip Microcomputer 


One Chip Microcomputer 


MC14422 


MC14469 


MC14457 


MC14458 


Remote 
Control 
Transmitter 
. .. 
. 
. 


Addressable 
Asynchronous 
Receiver/Transmitter. 


Transmitter 


Receiver 
. 


MC14573 


MC14574 


MC14575 


Quad Programmable 
Operational 
Amplifier 
. 


Quad Programmable 
Comparator. 
. 
. 


Dual/Dual 
Programmable 
Operational 
Amplifier-Comparator. 


MC14461 


MC14462 


MC14464 


MC14465 


Smoke 
Detector 
Circuit 
. 


Smoke 
Detector 
Circuit 
- 
with 
On·Chip 
FET. 


Smoke 
Detector 
Circuit 


Smoke 
Detector 
Circuit 


A/D Converter/Logic 
Functions 


MC14433 
3-1/2 
Digit 
A/D 
Converter 
. 


MC14435 
3-1/2 
Digit 
A/D 
Logic Subsystem 
. 


MC14443 
Microprocessor 
Based Analog-to·Digital 
Converter. 


.MC14447 
Microprocessor 
Based Analog·to·Digital 
Converter. 


MC14549B 
Successive Approximation 
Register. 


MC14559B 
Successive Approximation 
Register. 


MC14415 


MC14460 


MC14490 


Quad Precision 
Timer/Driver 


Automotive 
Speed Control 
Processor. 


Hex Contact 
Bounce 
Eliminator 
... 


7-268 


7-272 


7-315 


7-318 


7-318 


7-322 


7-336 


7-650 
7-650 


7-650 


7-238 


7-307 


7-276 


7-276 


7-611 


7-611 


7-611 


7-293 


7-293 


7-303 


7-303 


7-244 


7-256 


7-264 


7-264 


7-531 


7-531 


7-229 


7-287 


7-326 


The "Better" program Ordering InfOrmation 
• 


II 


Motorola's 
reliability 
and 
quality-enhancement 
program 
was developed 
to provide 
improved 
levels of quality 
and reliability 
for standard 
commercial 
products. 


The "BETIER" 
program is offered on CMOS, Linear, TIL, 
TILlLS, 
DTL, HTL, ECL, and Bipolar 
MEMORIES 
in dual-in-line 
ceramic and plastic packages. 


Motorola standard commercial integrated circuits are 
manufactured under stringent in-process controls and 
quality inspections combined with the industries' finest 
outgoing quality inspections. The "SEDER" 
program 
offers three levels of extra processing, each tailored to 
meet different user needs at nominal costs. 


The program is designed to: 


• 
Eliminate incoming electrical inspection 
• 
Eliminate need for independent test labs 
and associated extra time and costs 
• 
Reduce field failures 
• 
Reduce service calls 
• 
Reduce equipment downtime 
• 
Reduce board and system rework 
• 
Reduce infant mortality 
• 
Save time and money 
• 
Increase end-customer satisfaction 


BETTER PROCESSING - 
STANDARD PRODUCT PLUS; 


LEVEL I (Suffix S) 
• 
100% temperature cycling per MIL-STD-883A. 
Method 1010, ten cycles from -25°C 
to 
+150°C. 


• 
100% high temperature functional test at 
+100°C. 


LEVEL II (Suffix 0) 
• 
100% burn-in to MIL-STD-883A test conditions 
equivalent to 160 hours at +125°C. 


• 
100% post burn-in DC parametric test at 25°C. 


LEVEL III (Suffix OS) 
• 
Combination of Levels I and II above. 


AQL' 
TEST 
CONDITION 
LEVELl 
LEVEL 
II 
LEVEL 
III 


HIGH 
TEMPERATURE 
FUNCTIONAL 
TA = 100'C 
0.15 
0.15' 
0.10 


DC PARAMETRIC 
TA = 25'C 
0.28 
0.28 
0.28 


AC PARAMETRIC 
TA = 25'C 
0.65 
0.65 
0.65 


MAJOR 
0.11 
0.11 
0.11 


EXTERNAL 
VISUAL 
AND 
MECHANICAL' 
MINOR 
2.50 
2.50 
2.50 


HERMETICITY 
GROSS 
0.46 
0.46 
0.46 
(NOT APPLICABLE 
TO PLASTIC 
PACKAGES) 


'25 C 
'MAJOR 
DEFECTS 
- 
AFFECTS 
FOAM, 
FIT. OR FUNCTION 
MINOR 
DEFECTS 
- 
COSMETIC 


lGENERAL 
INSPECTION 
LEVEL II 


MC14001B 
~ 
Part 
Identification 


CP 
T 
Standard 
Package 
Suffix 


ST 
BETTER 
PROCESSING 
LEVEL 
I = SUFFIX 
S 
LEVEL 
II = SUFFIX 
0 
LEVEL 
III = SUFFIX 
OS 


The Standard Motorola part number with the corre- 
sponding "SEDER" 
suffix can be ordered from your 
local authorized Motorola distributor or Motorola sales 
offices. "SEDER" 
pricing will be quoted as an adder to 
standard commercial product price. 


Generalized product flow for all Motorola Bipolar Integrated Circuits purchased to the "BETTER" 
program. 
Individual product groups (CMOS, 
Linear, TTL, 
TTL/LS, 
DTL, 
HTL, 
ECL, and 
MEMORIES) 
may not include all steps shown as dictated by specific device characteristics. 


Scanning 
Electron Microscope 
Wafer Process 
Control Monitor: 
To control oxide step profiles, 


contact coverage, 
and metallization 
integrity. 


CV Plot Wafer Process Control Monitor: 
To control field inversion potential, base inversion - 
surface channel formation, 
and to detect any spurious contamination 
problems. 


Performed 
at final wafer probe (or, optionally, 
at final electrical 
test) to screen out potential 
pinhole shorts, interlayer 
metal shorts, N+ cross under shorts, diffusion faults, and similar 
defects that cannot be detected 
by visual die high·power 
inspection. 


Die High·Power 
Sample 
Gate Inspection: 
Performed 
by in-process 
Q.A. to an 8.0% AQl 
to 
detect any damage caused by 100% wafer probe or mechanical scribe and break operation, or 
any scratches, 
metallization 
smears, or glass on bonding 
pads. 
II 


Die Bond Sample Gate Inspection: 
Performed by in-process Q.A. to a 1.0% AQl 
to detect any 
misaligned or tilted die and to assure adequate "wetting" 
for low thermal resistance and high die 
shear strength. 


Wire Bond Sample Gate Inspection: 
Performed by in-process Q.A. to a 1.0% AQl to detect any 
improper wire bonds or wire dress, and any wire bonder damage. 


Wire Pull Monitor: 
Performed 
by in-process 
Q.A. to maintain process control of bond strength 
values per Mll-STD-883A, 
Method 2011, Condition 
D. 


Motorola 
Proprietary 
Epoxy Molding 
Compound: 
Meets or exceeds U.l. 
flame-retarding 
level Ul94V-1. 


Post Encapsulation 
Bake: 
Eight hours at 150°C. Final cure for molding 
compound; also stresses wire and die bonds and helps eliminate marginal 
devices. 


100% Temperature 
Cycling: 
Mll-STD-883A, 
Method 1010, ten cycles 
-25°C 
to + 150°C. 
Exercising circuits ten times over a 175°C range stresses the die and wire bonds and generally 
eliminates 
any marginal 
bonds and also screens out some types of wafer defects (pinholes, 


interlayer metal shorts, marginal step coverage, 
N+ crossunder 
shorts) and marginal seals in 
hermetic packages. This screening is superior to thermal shock screening because it does not 
introduce 
latent failures in ceramic 
packages 
(microcracks 
in seals) or in plastic packages 
(entrapped 
liquid) that can result from liquid-to-liquid 
thermal shock. 


Hermeticity 
Monitor: 
Hermetic 
packages 
only - 
combination 
fine/gross 
leak test per modification 
of Mll-STD-883A, 
Method 10148. (5 x 10-· ATM CC/SEC to 1 x 10-4 ATM CC/SEC). 
Sampled 
to a 0.65% AQL. 


100% Electrical: 
Functional 
and DC parametrics 
at 25°C. 


100%Burn-ln: 
Mll-STD-883A, 
Method 1015, for 160 hours minimum atTAof 
125°C minimum (or 
equivalent, 
per Arrhenius 
equation 
with 1.0eV activation 
energy). Test condition 
depends 
on 
device type, but generally 
condition 
A or C. 


100% High- Temperature 
Functional: 
Devices are functionally 
tested at 100°C, 15°C to 30°C 
above maximum 
rated operating 
temperatures, 
to assure reliable operation 
at elevated 
temperatures 
and to screen out marginally performing devices that could otherwise lower field 
reliability. Although 
epoxy molding compounds 
have essentially 
eliminated 
the thermal 
intermittent failure mode, this screen provides protection from any "maverick" 
intermittent device 
being shipped to a customer. This screening 
is more effective than hot rail "continuity" 
testing 
because 
non-functional 
devices can often pass a continuity 
test. 


100% Electrical: 
Functional 
and DC parametrics 
at 25°C. 


Q.A. Electrical and Mechanical 
Final Acceptance 
Tests: Sampled to the tightened AQl 
levels of 
Table I. 


Hermeticity 
Monitor: 
Hermetic 
packages 
only. Fine leak per Mll-STD-883A, 
Method 
10148 
(5 x 10-· ATM CC/SEC) 
and gross leak per Mll-STD-883A, 
Method 
1014C2. Sampled to a 
combined 
AQl 
of .46%. 


• 


CMOSHigh Reliability 
Ordering 
Information 


ORDERING INFORMATION 
FOR 
HIGH RELIABILITY 
CMOS INTEGRATED CIRCUITS 


II 


Motorola presently has MIL-STD- 
883B Class B products in inventory 
for the standard 
MCI4XXXand 
MCI45XXseries CMOS. 
Other products not included 
in these categories may be 
purchased 
with MIL-STD-883B 
screening, subject to individual 
device review. Motorola also has 
the capability of supplying cus- 
tom high reliability products. 
Standard 
products screened to 


MIL-STD-883Bare available 
from 
Motorola in four standard process 
flows, synopsized here and de- 
tailed in Table I. 


MIL-STD-883. CLASS S -(Aero- 
space, Military Man-Rated) 
Follows the requirements 
for 
MIL-STD-883B, Method 5004 
Class A. Note: products avail- 
able by special order only due 
to special burn-in, serializa- 
hon, and radiographic 
re- 


quirements. 


MIL-STD-883. CLASS B-(Majori- 
ty of military high reliability, 
mobil communicahons, 
fire 
controL biomedIcal) 
Follows MIL-STD-883BMethod 
5004Class B. Note: these high 
reliability products are avail- 
able in (from) inventory. 


MIL-STD-883. CLASS C 


Follows MIL-STD-883BMethod 
5004Class C. Note: not avail- 
able in inventory due to short 
lead-time and low demand. 


Motorola Class 
D-(industrial 
high reliability, medium mili- 
tary high reliability) 
Follows MIL-STD-883BMethod 
5004Class B except for sam- 
ple testing of DC parameterics 
at high-low temperature 
and 
dynamic testing. Note: these 
high reliability parts available 
in limited inventory. 


For custom high reliability 
products, Motorola recommends 
one of two approaches: 
I) Customer designing 
and 
supplying art work to Moto- 
rola: Transfer of computer 
aided design (CAD) tapes 
from either a Calma system 
or one compahble 
with it. 


This is the most effective 
means of design transfer re- 
quiring only six to twelve 
weeks for prototype turn- 
around. 
Motorola can work 
from masks but this method 
must be reviewed on an in- 
dividual basis. 
2) Motorola designing: 
Moto- 


rola can do the total design 
using an acceptable 
logic 
diagram 
or schematic. 
This 
method is dependent 
on in- 


house design resource 
availability and will require 
longer lead times than the 
tape-transfer 
method. 


When ordering MIL-STD-883B 
products from Motorola use the 
numbering 
system shown in 


Table II. 


When ordering Motorola MIL- 
M-38510QPL products, use the 
method outlined in Table III. 


TABLE I. 
This table defines the three MIL-STD-883Bprocessing steps and the Motorola internal Class D process 
steps for Motorola high reliability products. 
Device 
Class 
Screening 
Procedures 


In recognition of the fact that 
Flexibility is provided in the 
reliability requirements will not 
the level of screening has a direct 
choice of test conditions and 
be met. For general high reliabil- 
impact on the cost of the product, 
stress levels, to provide screens 
ity applications, the Class Bor D 
as well as its quality and relia- 
tailored to a particular product or 
screening levels should be con- 
bility, four standard levels of 
application. Selection of a level 
sidered. 


screening are provided to coin- 
better than that required for the 


cide with four device classes, or 
specific product and application 
levels of quality assurance. 
will result in unnecessary ex- 
pense. A level less than that re- 
quired may result in a risk that 


CLASS 
S 
CLASS B 
CLASS 0 
(1) 
CLASSC 


SCREEN 
METHOD 
RQMT 
METHOD 
RQMT 
METHOD 
RQMT 
METHOD 
RQMT 


Internal 
Visual 
(Precap) 
2010 
Condition 
1000/0 
2010 
Condition 
100% 
2010 
Condition 
100% 
2010 
Condition 
100% 


A 
B 
B 
B 


Stabilization 
Bake 
1008,24 
hrs 
100% 
1008,24 
hrs 
100% 
1008,24 
hrs 
100% 
1008.24 
hrs 
100% 
min. 
test 
min. 
test 
min. 
test 
min. 
test 


CondItion 
C 
Condition 
C 
Condition 
C 
Conchhon C 


Temperature 
Cycling 
1010 
Condition 
C 
100% 
1010 
CondItion 
C 
100% 
1010 Condition 
C 
100% 
1010 
Condition 
C 
100% 


Constant Acc~er.tion 
2001 
Condition 
E 
100% 
ZOOl 
CondItion 
E 
100% 
2001 
Condition 
E 
100% 
2001 
Condition 
E 
100"10 


(min.) 
Y 
1 plane 
(min.) 
Y 
1 plane 
(min.) 
Y I plane 
(min.) 
Y 
1 plane 


Seal (a) Fine 
1014 
lQ()O/o 
1014 
100% 
1014 
100"'- 


(b) Gross 


PIND 
2020 
ConditIon 
1000'0 


A or B 


Serialization 
100% 


Interim 
Electrical 
Per applicable 
100% 
Per 
applicable 
Per applicable 


Parameters 
device 
device 
device 


speCification 
specIficatIOn 
specificatIOn 


Bum-in 
Test 
1015 
100"'. 
1015 
100% 
1015 
100% 
240hrs@ 
160 hrs@ 
160 hrs@ 
125°C 
min. 
or eQUlv. 
125°C 
min. 
or eqUlv. 
125"Cmln. 


Interim 
Electrical 
Per 
applicable 
100% 


Parameters 
device 
specification 


Reverse 
Bias 
Bum-in 
1015 
Condition 
A 
100"10 
orC 
72hrs 
at 150"C 
min. 


Interim 
Electrical 
Per 
applicable 
100% 
Per 
applicable 
100"/. 
Per 
applicable 
100% 


Parameters 
deVice 
device 
deVice 


speCification 
speCification 
specification 


seal 
(a) 
Fine 
1014 
100% 
(b) Gross 


Final 
Electrical 
Tests 
Per 
applicable 
Per 
apphcable 
Per apphcable 
Per apphcable 
(a) 
Stallc 
tests 
device 
deVice 
device 
deVice 
(1) 25'C (subgroup 1. 
speCification 
100"10 
speCification 
100% 
specification 
100"/. 
specification 
100'% 


table 
" 
5005) 
(2) 
Max. 
and 
min. 
rated 
100"10 
100% 
operating 
temp. 


(subgroups 
2 and 
3, 
table 
1, 5005) 
(b) 
Dynamic 
tesls 
and/or 
10~0 
100% 
SWitching 
tesls 
@ 25"C 


(subgroup 
4 and 
9, 


table 
1, 5005) 
(c) 
FunctIOnal 
test @ 25cC 
100% 
100% 
100% 
100% 
(subgroup 
7, table', 
(5005) 


Radiographic 
2012 
Two 
Views 
100% 


Qualification 
or Quality 
5005 
Sa~le 
5005 
sample 
5005 
Sample 
5005 
Sample 


Conformance 
Inspection 
Class S 
per 
Class 
B 
per 
Class 
B 
per 
Class 
C 
per 
38510 
38510 
38510 
38510 


External 
Visual 
2009 
100% 
2009 
100'% 
2009 
1000/0 
2009 
100% 


(I) 
Motorola 
internal 
process 
flow. 


TABLE II 
How to order MIL-5TD- 
883B Processed 
Product 
• 


MOTOROLA DEVICETYPE--..J U 
OPTIONAL SUFFIX 
CMOS-A 
or B Series. 


Varies for Memories or Microcomponents 
see individual 
data sheets. 


CLASS S. B. C. OR D (See Device Table 1) 
CASE OUTLINE(See Case Outline for Dual 
In-Line Packages) 
LEADFINISH (See Lead Finish Table) 
S=MOTOROLA DATA SHEET ELECTRICALS 
M=Tested 
to MIL-M-38510Slash Sheet Electricals 
Only 
JC = Tested to JEDEC Standard 
101 


Case 
Outline 
for Dual In-Line Packages 
C-14-pin 
J -24-pin 
T-28-pin 
W-22-pin 
E-IS-pin 
Q-40-pin 
V-18-pin 


Lead Finish 
Table 
(per A or B below) 
A-A 
or B. with hot solder dip 
B-A 
or B. with acid tin plate 
C-A 
or B.WITH Gold Plate 
X-Any 
of the above lead finishes are acceptable 
and 
interchangeable. 


Legend: A-Alloy 42 lead material 
B-Kovar lead material 


MC 14001 
ABC 
B (5, M, IC)· 


MOTOROLA DEVICETYPE--l 
I 
I I I 
A Senes -------- 
883 Class B ------ 
14 Pin Dual In-Line Package 
Kovar or Alloy 42 with acid tin plate 
Motorola Data Sheet Electricals 


Tested to MIL-M-38510electrical 
specifications 
--------' 
Tested to JEDEC Standard 
101 


Generic qualification 
data for groups B. C and D is available 
upon request 
at time of purchase. 


TABLE III 
How to Order 
MIL-M-38510D 
IAN-Qualified 
Product 


Basic Numbering Parameters- 
Example: JM38510/XXXXXYYY 


M38510 
/XXX 
XX 
Y 
Y 
Y 


Indicates a Qualified DeVice~JJ 
Military Designator --- 
, 
Detail Specification Number 
Device Type Within Detail Specification 
Class Bor C (See Device Table I) 
Case Outline (See Case Outline for Dual In-Line Packages) 
Lead Finish (See Lead Finish Table) 


Case 
Outline 
for Dual 
In-Line Packages 
C-14-Pin 
T-28-Pin 
V-18-Pin 
E-16-Pin 
Q-40-Pin 
J -24-Pin 
W-22-Pin 


Lead Finish 
Table (per A or B below) 
A-A 
or B. with hot solder dip 
B-A or B. with acid tin plate 
C-A 
or B. with Gold Plate 
X-Any 
of the above lead finishes are acceptable and 
interchangeable. 
Legend: A-Alloy42 lead material 
B-Kovarlead material 
• 


Indicates a Qualified Device 
I 
dJ 
Military Designator ------ 
Detail Specification Number 
- 
Device Type within Detail Specification 
Class B 
14-PinDual In-Line Package 
Kovar or Alloy 42. with acid tin plate ----------~ 


II 


B-Series Family Data II 


• 


The 
CMOS 
Devices 
in this 
volume 
which 
have a B or 
UB 
suffix 
meet 
the 
minimum 
values 
for 
the 
industry· 
standardized" 
family 
specification. 
These 
standardized 
values 
are shown 
in the 
Maximum 
Ratings 
and 
Electrical 
Characteristics 
Tables. 
In addition 
to a standard 
minimum 
specification 
for characteristics 
the 
B/UB devices 
feature: 
• 3-18 volt operational 
limits 
• 
Capable 
of 
driving 
two 
low-power 
TTL 
loads, 
one 
low-power 
Schottky 
TTL 
load, 
or two HTL loads over 
the rated 
temperatu 
re range 
• 
Maximum 
input 
current 
of 
±1 IJ,A at 
15 volt 
power 
supply 
over the temperature 
range 


• 
Parameters 
specified 
at 
5.0, 
10, 
and 
15 
volt 
supply 
• 
Noise margins 
of 1.0 V min @ 5.0 V supply 
2.0 V min 
@ 10 V supply 
2.5 V min @ 15 V supply 


The 
industry·standardized 
maximum 
ratings 
and 
recommended 
operating 
range are shown 
at the bottom 
of 
this 
page. 
Limits 
for the static 
characteristics 
are shown 
in 
two 
formats: 
Table 
1 is in the 
industry 
format 
and Table 
2 
is in the 
equivalent 
Motorola 
format. 
The 
Motorola 
format 
is 
used 
throughout 
this 
data 
book. 
Additional 
specification 
values 
are 
shown 
on 
the 
individual 
data 
sheets. 
Switching 
characteristics 
for 
the 
Band 
UB 
series 
devices 
are 
specified 
under 
the 
following 
conditions: 
Load Capacitance, 
CL, of 50 pF 
Input 
pulse voltage 
equal 
to +V DD supply 
voltage 
Input 
pulse rise and fall times 
of 20 ns 
Propagation 
Delay 
times 
measured 
from 
50% 
point 
of input 
voltage 
to 50% point 
of output 
voltage 
Three 
different 
supply 
voltages: 
5, 10, and 15 V 


Exceptions 
to the Band 
UB Series 
Family 
Specification 
There 
are 
a number 
of devices 
which 
have a B or UB 
suffix 
whose 
input 
andlor 
outputs 
vary 
somewhat 
from 
the 
family 
specification 
because 
of 
functional 
require- 
ments. 
Some 
categories 
of notable 
exceptions 
are: 
Devices 
with 
specialized 
outputs 
on 
the 
chip, 
such 
as NPN 
emitter·follower 
drivers 
or transmission 
gates, 


do not meet 
output 
specifications. 


Devices 
with 
specialized 
inputs, 
such 
as 
oscillator 
inputs, 
have unique 
input 
specifications. 


Input 
Voltage 
The 
input 
voltage 
specification 
is interpreted 
as the 
worst·case 
input 
voltage 
to 
produce 
an output 
level of 


"1" 
or 
"0". 
The 
"1" 
or "0" 
output 
level is defined 
as a 
deviation 
from 
the 
supply 
(VDDI 
and 
ground 
(VCC) 
levels. 
For 
a 5.0 
V supply, 
this deviation 
is 0.5 
V; for a 
10 V supply, 
1.0 V; and for 
15 V, 1.5 V. As an example, 


in a device 
operating 
at a 5.0 V supply, 
the 
device 
with 
the 
input 
starting 
at ground 
is guaranteed 
to switch 
on 
or before 
3.5 V and not 
to switch 
up to 1.5 V. Switching 
and not 
switching 
are defined 
as within 
0.5 V of the ideal 
output 
level for 
the 
example 
with 
a 5.0 
V supply. 
The 
actual 
switching 
level referred 
to the input 
is between 
1.5 
V and 3.5 V. 


Noise Margin 
The 
values 
for 
input 
voltage 
and 
the 
given 
defined 
output 
deviation 
lead to minimum 
noise margins 
of 1.0 V, 
2.0 
V, and 
2.5 
V for 
a 5.0 
V, 10 V, and 
15 V supply, 
respectively. 


Output 
Drive Current 
Devices 
in the 
B Series 
are capable 
of sinking 
a mini- 


mum 
of 0.36 
mA over the temperature 
range with 
a 5.0 V. 
supply. 
This 
value 
guarantees 
that 
these 
CMOS 
devices 
will drive one Schottky 
low-power 
TTL 
input. 


B Series vs UB CMOS 
The 
primary 
difference 
between 
B series and UB series 
devices 
is that 
UB series 
gates and inverters 
are construct- 
ed with 
a single inverting 
stage between 
input 
and output. 
The 
decreased 
gain caused 
by using a single stage results 
in 
less 
noise 
immunity 
and 
a 
transfer 
characteristic 
that 
is less ideal. 


The 
decreased 
gain 
is quite 
useful 
when 
CMOS 
Gates 
and 
inverters 
are used 
in a "Linear" 
mode 
to form 
oscil- 


lators, 
monostables 
or 
amplifiers. 
The 
decreased 
gain 
results 
in 
increased 
stability 
and 
a 
"cleaner" 
output 
waveform. 
In addition 
to 
linear 
operation, 
the 
UB gates 
and 
inverters 
offer 
an increase 
in speed 
since only a single 
stage is involved. 
The 
B series, UB CMOS, and devices 
with 
no suffix 
can 
be used 
interchangeably 
in digital 
circuits 
that 
interface 
to other 
CMOS devices. 


Rating 
Svmbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating Temperature Range - AL Device 
TA 
-55 to +125 
°c 


CUe? Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
~5to+150 
°c 


RECOMMENDED 
OPERATING 
RANGE 
IDe Supply 
Voltage 


• 


LIMITS 
TEMP 
VDD 
TLOW' 
+ 25°C 
THIGH' 
UNITS 
PARAMETER 
CONDITIONS 
RANGE 
IYdel 
Mox 
Mln 
Mox 
Min 
Mox 
Min 


Quiescent 


IDD 
Device Current 
5 
0.25 
0.25 
7.5 


Mil 
10 
Vin· 
VSS or VOO 
0.5 
0.5 
15 
I'Ade 
15 
1.0 
1.0 
30 


GATES 
5 
All v.lid 
input 
1.0 
1.0 
7.5 


Comm 
10 
combinltions 
2.0 
2.0 
15 
I'Ade 


15 
4.0 
4.0 
30 


5 
1.0 
1.0 
30 
Mil 
10 
VIN - VSS or VOD 
2.0 
2.0 
60 
I'Ade 
15 
4.0 
4.0 
120 


BUFFERS, 
5 
All valid input 
4 
4.0 
30 
FLIP·FLOPS 
Comm 
10 
combinations 
8 
8.0 
60 
I'Ade 
15 
16 
16.0 
120 


5 
5 
5 
150 
Mil 
10 
VIN • VSS or VOO 
10 
10 
300 
I'Ade 
15 
20 
20 
600 


MSI 
5 
All valid input 
20 
20 
150 


Comm 
10 
combinltionl 
40 
40 
300 
I'Ade 
15 
80 
80 
600 


VOL 
Low-Level 
5 
0.05 
0.05 
0.05 


Output 
Voltage 
All 
10 
VIN • VSS or VOO 
0.05 
0.05 
0.05 
Vde 
15 
"01< 
11'A 
0.05 
0.05 
0.05 


VOH 
High·Level 
5 
4.95 
4.95 
4.95 
Output 
Voltage 
All 
10 
VIN • VSS or VOO 
9.95 
9.95 
9.95 
Vde 
15 
"01< 
11'A 
14.95 
14.95 
14.95 


VIL 
Input 
5 
Vo = 0.5V or 4.5V 
1.5 
1.5 
1.5 


Low Voltage # 
All 
10 
Vo = 1.0V or 9.0V 
3.0 
3.0 
3.0 
Vde 
B Type. 
15 
VO· 
1.5V or 13.5V 
4.0 
4.0 
4.0 


1101< 11'A 


VIL 
Input 
5 
Vo - 0.5V or 4.5V 
10 
1.0 
1.0 


Low Voltage# 
All 
10 
VO· 
1.0V or 9.0V 
2.0 
2.0 
2.0 
Vde 
UB Type. 
15 
Vo = 1.5V or 13.5V 
2.5 
2.5 
2.5 


1101< 11'A 


VIH 
Input 
5 
Vo 
= 0.5V or 4.5V 
3.5 
3.5 
3.5 
High Voltage # 
All 
10 
VO· 
1.0V or 9.0V 
7.0 
7.0 
7.0 
Vde 
B Types 
15 
Vo = 1.5V or 13.5V 
11.0 
11.0 
11.0 


11,,1< 11'A 


VIH 
Input 
5 
Vo 
= 0.5V or 4.5V 
4.0 
4.0 
4.0 
High Voltage # 
All 
10 
Vo - 1.0V or 9.0V 
8.0 
8.0 
8.0 
Vde 
UB Typos 
15 
Vo - 1.5V or 13.5V 
12.5 
12.5 
12.5 


1101< 11'A 


10L 
Output 
Low 
Vo 
= 0.4V, 


(Sink) Current 
5 
VIN - 0 or 5V 
0.64 
0.51 
0.36 


Vo = 0.5V, 
Mil 
10 
VIN = 0 or 10V 
1.6 
1.3 
0.9 
mAde 


Vo 
= 1.5V, 
15 
VIN - Oor 15V 
4.2 
304 
2.4 


Vo = Oo4V, 
5 
VIN=00r5V 
0.52 
0.44 
0.36 
Vo 
= 0.5V, 
Com 
10 
VIN=00r10V 
1.3 
1.1 
0.9 
mAde 
Vo - 1.5V, 


15 
VIN-Oor15V 
3.6 
3.0 
2.4 


LIMITS 
TEMP 
Voo 
CONDITIONS 
+ 25°C 
THIGH" 
UNITS 
PARAMETER 
TLOW" 
RANGE 
(Vdc) 
Min 
Min 
Max 
Min 
Max 
Max 


IOH 
Output 
High 
VO: 
4.6V, 


(Source) Current 
5 
VIN:Oor5V 
-0.25 
-0.2 
-0.14 
VO: 
9.5V, 


Mil 
10 
VIN: 
0 or 10V 
-0.62 
-0.5 
-0.35 
mAde 
VO: 
13.5V, 
15 
VIN:oor15V 
-1.8 
-1.5 
-1.1 


Vo - 4.6V, 
5 
VIN :00r5V 
-0.2 
-0.16 
-0.12 
VO: 
9.5V, 


Com 
10 
VIN: 
0 or 10V 
-0.5 
-0.4 
-0.3 
mAde 
VO: 
13.5V 
15 
VIN:Oor15V 
-1.4 
-1.2 
-1.0 


IIN 
Input 
Curre"!t 
Mil 
15 
VIN-Oor15V 
±O.l 
±O.l 
±1.0 
J,&Adc 
Comm 
15 
VIN: 
0 or 15V 
±0.3 
±0.3 
±1.0 
/lAde 


loz 
3·State Output 
Mil 
15 
VIN-Oor15V 
±O.4 
±OA 
±12 
p.Adc 
Leakage 
Current 
Comm 
15 
VIN : 0 or 15V 
±LG 
±l.G 
±12 
/lAde 


CIN 
Input Capacitance 
All 
- 
Any Input 
7.5 
pF 
per unit load 


-TLOW 
= -55°C 
for Military 
temperature 
range device, -40°C 
for Commercial temperature 
range device. 
THIGH 
= + 125°C for Military 
temperature 
range device, +8SoC for Commercial 
temperature 
range device. 
#Applies 
for Worst Case input combinations. 


Tlow " 
250C 
Thigh· 


Characteristic 
Symbol 
VDD 
Unit 
Vdc 
Min 
Max 
Min 
Max 
Min 
Max 
Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0.05 
- 
0.05 
Vde 
Vin=VODorO 
10 
- 
0.05 
- 
0.05 
- 
0.05 
15 
0.05 
0.05 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
- 
4.95 
- 
Vde 


Vin ""a or VOO 
10 
9.95 
- 
9.95 
- 
9.95 
- 


15 
14.95 
- 
14.95 
- 
14.95 
- 


Input Voltage # B Types 
"0" 
Level 
VIL 
Vde 
(VO = 4.5 or 0.5 Vde) 
5.0 
- 
1.5 
- 
1.5 
- 
1.5 
(VO = 9.0 or 1.0 Vdel 
10 
- 
3.0 
- 
3.0 
- 
3.0 
(VO ·13.50r 
1.5Vdcl 
15 
- 
4.0 
- 
4.0 
- 
4.0 


"'" 
Level 
VIH 
Vde 
1VO : 0.5 or 4.5 Vde) 
5.0 
3.5 
- 
3.5 
- 
3.5 
- 


(VO 1.0 or 9.0 Vdel 
10 
7.0 
- 
7.0 
- 
7.0 
- 


(VO: 
1.5 or 13.5 Vdel 
15 
11.0 
- 
11.0 
- 
11.0 
- 


Input Voltage # UB Types 
"0" 
Level 
VIL 
Vdc 
(VO : 4.5 or 0.5 Vdel 
5.0 
- 
1.0 
- 
1.0 
- 
1.0 
(VO : 9.0 or 1.0 Vdel 
10 
- 
2.0 
- 
2.0 
- 
2.0 


(VO: 
13.5 or 1.5 Vde) 
15 
- 
2.5 
- 
2.5 
- 
2.5 


"1" 
Level 
VIH 
Vde 
(VO : 0.5 or 4.5 Vdel 
5.0 
4.0 
- 
4.0 
- 
4.0 
- 


(VO = 1.0 or 9.0 Vdel 
10 
8.0 
- 
8.0 
- 
8.0 
- 


(VO: 
1.5 or 13.5 Vdel 
15 
12.5 
- 
12.5 
- 
12.5 
- 


• 


Tlow. 
25°C 
Thigh- 


Cher8eteristic 
Svmbol 
VOO 
Unit 
Vde 
Min 
Mox 
Min 
Mox 
Min 
Mox 


Output 
Drive Current 
(ALl 
8 Gates 
IOH 
mAde 


(VOH : 2.5 Vde) 
Source 
5.0 
-1.2 
- 
-1.0 
- 
-0.7 
- 


(VOH = 4.6 Vde) 
5.0 
-0.25 
- 
-0.2 
- 
-0.14 
- 
(VOH = 9.5 Vde) 
10 
-0.62 
- 
-0.5 
- 
-0.35 
- 
(VOH: 
13.5 Vde) 
15 
-1.8 
- 
-1.5 
- 
-1.1 
- 


(VOL = 0.4 Vdel 
Sink 
tOL 
5.0 
0.64 
- 
0.51 
- 
0.36 
- 
mAde 


(VOL: 
0.5 Vdel 
10 
1.6 
- 
1.3 
- 
0.9 
- 
(VOL: 
1.5 Vde) 
15 
4.2 
- 
3.4 
- 
2.4 
- 


Output 
Drive Current 
(CL/CP) 
8 Gates 
IOH 
mAde 


(VOH = 2.5 Vde) 
Source 
5.0 
-1.0 
- 
-0.8 
- 
-0.6 
- 
(VOH : 4.6 Vdel 
5.0 
-0.2 
- 
-0.16 
- 
-0.12 
- 
(VOH = 9.5 Vde) 
10 
-0.5 
- 
-0.4 
- 
-0.3 
- 


(VOH ='13.5 Vde) 
15 
-1.4 
- 
-1.2 
- 
-1.0 
- 


(VOL = 0.4 Vde) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
- 
0.36 
- 
mAde 
(VOL: 
0.5 Vde) 
10 
1.3 
- 
1.1 
- 
0.9 
- 


(VOL = 1.5 Vde) 
15 
3.6 
- 
3.0 
- 
2.4 
- 


Output 
Drive Current 
IAL) 
US Gates 
tOH 
mAde 
(VOH = 2.5 Vdel 
Source 
5.0 
-1.2 
- 
-1.0 
- 
-0.7 
- 


(VOH = 4.6 Vdel 
5.0 
-0.25 
- 
-0.2 
- 
-0.14 
- 


(VOH : 9.5 Vde) 
10 
-0.62 
- 
-0.5 
- 
-0.35 
- 


(VOH = 13.5 Vde) 
15 
-1.8 
- 
-1.5 
- 
-1.1 
- 


(VOL = 0.4 Vde) 
Sink 
tOL 
5.0 
0.64 
- 
0.51' 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vde) 
10 
1.6 
- 
1.3 
- 
0.9 
- 
(VOL = 1.5 Vde) 
15 
4.2 
- 
3.4 
- 
2.4 
- 


Output 
Drive Current 
(CL/CP) 
US Gates 
tOH 
mAde 
(VOH = 2.5 Vde) 
Source 
5.0 
-1.0 
- 
-0.8 
- 
-0.6 
- 


(VOH = 4.6 Vde) 
5.0 
-0.2 
- 
-0.16 
- 
-0.12 
- 


(VOH = 9.5 Vde) 
10 
-0.5 
- 
-0.4 
- 
-0.3 
- 


(VOH = 13.5 Vde) 
15 
-1.4 
- 
-1.2 
- 
-1.0 
- 


(VOL = 0.4 Vde) 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
- 
0.36 
- 
mAde 


.(VOL = 0.5 Vde) 
10 
1.3 
- 
1.1 
- 
0.9 
- 


(VOL = 1.5 Vde) 
15 
3.6 
- 
3.0 
- 
2.4 
- 


Output 
Drive Current 
(AU 
Other 
Devices 
tOH 
mAde 
(VOH = 4.6 Vde! 
Source 
5.0 
-0.25 
- 
-0.2 
- 
-0.14 
- 


(VOH : 9.5 Vde) 
10 
-0.62 
- 
-0.5 
- 
-0.35 
- 


(VOH = 13.5 Vdel 
15 
-1.8 
- 
-1.5 
- 
-1.1 
- 


(VOL: 
0.4 Vdel 
Sink 
tOL 
5.0 
0.64 
- 
0.51 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdel 
10 
1.6 
- 
1.3 
- 
0.9 
- 


(VOL: 
1.5 Vde) 
15 
4.2 
- 
3.4 
- 
2.4 
- 


Output 
Drive Current 
(CL/CPJ Other Devices 
tOH 
mAde 
(VOH = 4.6 Vde) 
Source 
5.0 
-0.2 
- 
-0.12 
- 
-0.12 
- 


(VOH = 9.5 Vde) 
10 
-0.5 
- 
-0.4 
- 
-0.3 
- 


(VOH = 13.5 Vde) 
15 
-1.4 
- 
-1.2 
- 
-1.0 
- 


(VOL: 
0.4 Vde) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vde) 
10 
1.3 
- 
1.1 
- 
0.9 
- 


(VOL: 
1.5 Vde) 
15 
3.6 
- 
3.0 
- 
2.4 
- 


Input Current 
IAL Devicel 
lin 
15 
- 
+0.1 
- 
to.l 
- 
<1.0 
~Ade 


Input Current 
ICLlCP Devicel 
lin 
15 
- 
<0.3 
- 
±O.3 
- 
<1.0 
",Adc 


Input Capacitance 
Gin 
- 
- 
- 
- 
7.5 
- 
- 
pF 


(Vin = 0) 


Gate Quiescent Current 
(AL Device) 
100 
5.0 
0.25 
- 
0.25 
- 
7.5 
~Ade 


IPer 
Package) 
10 
- 
0.5 
- 
0.5 
- 
15 
15 
- 
1.0 
- 
1.0 
- 
30 
(CL/CP DevieeJ 
'DO 
5.0 
- 
1.0 
- 
1.0 
- 
7.5 
J,lAdc 
10 
- 
2.0 
- 
2.0 
- 
15 
15 
- 
4.0 
- 
4.0 
- 
30 


Tlow. 
25uC 
Thigh- 


Characteristic 
Symbol 
VDD 
Unit 
Vde 
Min 
Max 
Min 
Max 
Min 
Max 


Flip-Flop 
and Buffer Quiescent Current 
100 
5.0 
- 
1.0 
- 
(0 
- 
30 
"Ad< 


(Per Package) 
(AL 
Device) 
10 
- 
2.0 
- 
2.0 
- 
60 
15 
- 
4.0 
- 
4.0 
- 
120 


ICL/CP Oaviee) 
100 
5.0 
- 
4.0 
- 
4.0 
- 
30 
"Ad< 
10 
- 
8.0 
- 
8.0 
- 
60 
15 
- 
16 
- 
16 
- 
120 


MSI Quiescent Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
5.0 
- 
150 
"Ad< 
(Per Package) 
10 
- 
10 
- 
10 
- 
300 
15 
- 
20 
- 
20 
- 
600 


(CL/CP Oavice) 
'DO 
5.0 
- 
20 
- 
20 
- 
150 
"Ad< 
10 
- 
40 
- 
40 
- 
300 
15 
- 
80 
- 
80 
- 
600 


LSI Quiescent Current 
100 
See Individual 
Data Sheets. 


• Tlow - -550C 
for AL Oevice, -40°C 
for CL/CP 
Device. 


Thigh' 
+1250C for AL Device. +850C for CL/CP Device. 
#Noise 
immunity 
specified for worst-case input combination. 


Noise Margin for both "," 
and "O"level 
= 1.0 Vdc min@VOD= 
5.0 Vdc 
2.0 Vdc min @lVOO • 10 Vde 
2.5 Vdc min@lVOO 
= 15 Vdc 
• 


•• 


CMOSHandling 
Precautions 


HANDLING 
PRECAUTIONS 


Motorola 
CMOS devices have diode input protection 


against 
adverse 
electrical 
environments 
such 
as electro- 


static 
discharge. 
In regards 
to this, 
the 
following 
statement 
is included on each data sheet: 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 


against 
damage 
due 
to 
high 
static 
voltages 
or 
electric 


fields; 
however, 
it is advised 
that 
normal 
precautions 
be 
taken 
to 
avoid application 
of any voltage higher than 


maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 


For 
proper 
operation 
it 
is recommended 
that 
Vin 
and 
Vout be constrained to the range VSS';; IVin or Vout) ,;; 
VOD. 
Unused inputs 
must always be tied to an appro- 


priate logic voltage level (e.g., either VSS or VOOI. 


Unfortunately, 
severe 
electrical 
transient 
voltages 
can be generated during handling. 
For example. static 


voltages 
generated 
by a person 
walking 
across 
a common 


waxed floor have been measured in the 4 to 15 kV range 
(depending on humidity, 
surface conditions, 
etc.1 These 


static 
voltages 
are 
potentially 
dangerous 
when 
discharged 


into 
a 
CMOS 
input, 
considering 
the 
energy 
stored 
in 
the capacity 
('" 
300 pF) of the human body at these 


voltage 
levels. 


Present CMOS gate protection structures can generally 


protect 
against 
overvoltages. 
This 
is 
usually 
sufficient 


except 
in the severe 
cases. 


The 
input 
protection 
circuit. 
while 
addiny 
some 
delay 


time, 
provides 
protection 
by clamping 
positive 
and negative 


potentials to VOO and VSS, respectively. Figure 1 shows 


the 
internal 
circuitry 
for 
the 
diode-resistor 
protection. 


The 
input 
protection 
circuit 
consists 
of a series Isolation 
resistor RS, whose typical value is 1.5 Kit, and diodes 
01 and 02, which clamp the input voltages between the 
power supply pins VOO and VSS. Diode D3 isadistributed 
structure 
resulting from the diffusion 
fabrication of RS. 


In 
addition 
to 
the 
internal 
protection 
network, 
the 
following steps are recommended to further reduce damage 
to CMOS integrated circuits 
due to improper handling. 


1. All CMOS devices should be stored or transported in 


materials 
that 
are antistatic. 
CMOS 
devices 
must 
not 


be 
inserted 
into 
conventional 
plastic 
"snow". 
styrofoam 
or plastic trays, but should be left 
in 


their 
original 
container 
until 
ready 
for 
use. 


2. All CMOS devices should be placed on a grounded 


bench surface and operators should ground them· 


selves 
prior 
to 
handling 
devices, 
since 
a worker 
can 


be statically 
charged with 
respect to 
the 
bench 


surface. 
Wrist 
straps 
in contact 
with 
skin are strongly 


recommended. See Figure 2. 


3. Nylon 
or other static generating materials should 


not 
come 
in contact 
with 
CMOS 
circuits. 


4. If automatic 
handling is being used. high levels of 


static 
electricity 
may 
be generated 
by 
the movement 


of devices 
or boards. 
Avoid 
this by grounding 
suspect 


areas and/or 
by the 
use of ionized 
air blowers. 


5. Cold chambers using C02 
for cooling 
should be 


equipped 
with 
baffles, 
and devices must 
be contained 


on or in conductive 
material. 


6. When lead-straightening or hand-soldering is neces- 


sary, 
provide 
ground 
straps 
for 
the 
apparatus 
used 


and 
be sure that 
soldering 
ties are grounded. 


7. The following 
steps should be observed during wave 


solder 
operations. 


a. 
The 
solder 
pot 
and 
conductive 
conveyor 
system 


of 
the 
wave 
soldering 
machine 
must 
be grounded 


to an earth 
ground. 
b. The loadin~ and unloading work benches should 


have 
conductive 
tops 
which 
are grounded 
to 
an 


earth 
ground. 


c. 
Operators 
must 
comply 
with 
precautions 
previ- 
ously explained. 


d. Completed assemblies should be placed in anti- 


static 
containers 
prior 
to 
being 
moved 
to 
subse- 


quent 
stations. 


8. The 
following 
steps should 
be observed during 


board 
cleaning 
operation. 


a. Vapor degreasers and baskets must be grounded 


to 
an 
earth 
ground. 
Operators 
must 
likewise 


be grounded. 


b. Brush or spray cleaning should not be used. 
c. Assemblies should be placed into the vapor de- 


greaser 
immediately 
upon 
removal 
from 
the 


antistatic 
container. 
d. Cleaned assembliesshould be placed in antistatic 


container 
immediately 
after 
removal 
from 
the 


cleaning basket. 


e. 
High 
velocity 
air 
movement 
or 
application 
of 


solvents and coatings should be employed only 


when 
module 
circuits 
are 
grounded 
and 
a static 


eliminator 
is directed 
at the 
module. 


9. 
The 
use of static 
detection 
meters 
for line surveliance 
is highly recommended. 


10. All 
low 
impedance equipment 
(pulse generators, 


etc.) 
should be connected to CMOS inputs only 
atter the CMOS is powered up. Similarly, this type 
of equipment should be disconnected before power 


is turned 
off. 


11. 
Equipment 
specifications 
should 
alert 
users 
to 
the 


presence 
of 
CMOS 
devices 
and 
require 
familiari- 


zation 
with 
this 
specification 
prior 
to 
performing 


any 
kind 
of 
maintenance 
or 
replacement 
of 
devices 


or modules. 


12. A circuit board containing CMOS devices is merely 
an extension of the device and the same handling 
precautions 
apply. 
Contacting 
edge connectors 
wired 
directly 
to CMOS device inputs can cause 


damage. Plastic wrapping should be avoided. When 


external 
connections 
to 
a PC board 
address 
only 
an 


input 
of 
a CMOS 
integrated 
circuit, 
it 
is recom- 


mended that a resistance or 10 Kn or greater be 


used 
in series 
with 
the 
input. 
This 
resistor 
will 
limit 
accidental damage if the PC board is removed and 
brought into contact with static generating materials. 


13. Do not 
insert or remove CMOS devices from test 
sockets with power applied. Check all power supplies 
to be used for testing CMOS devices to be certain 


there 
are no voltage 
transients 
present. 


14. Double check test equipment setup for proper po- 


larity 
of 
voltage 
before 
conducting 
parametric 
or 


functional 
testing. 


15. 
Do 
not 
exceed 
the 
maximum 
electrical 
voltage 
ratings specified by the data sheet. 


16. All 
unused device inputs should be connected to 


VDD or VSS· 


NOTES: 
1. 
1/16 inch conductive sheet stock covering bench top work area. 


2. 
Ground Strap. 


3. 
Wrist Strap in contact with skin. 
4. 
Static neutralizer. lionized air blower directed at work), Primarily for use in areaswhere 
direct grounding is impractical. 


Another 
type 
of precaution 
involves 
the CERDIP 
pack- 


age. Since 
this 
device 
employs 
a glass seal, a high stress on 


the 
leads 
can 
cause 
hermeticity 
failure 
which 
will 
even- 


tually 
result 
in aluminum 
corrosion 
on 
the 
die. 
To 
avoid 
this, 
the 
leads 
should 
never 
be flexed 
above 
the 
seating 


plane. 
All 
insertion 
tools 
or 
automated 
equipment 
should 


contact 
the 
lead 
at 
its narrowest 
dimension 
allowing 
it to 


bend 
without 
affecting 
the wide 
portion 
above 
the 
seating 
plane. 


15MIL 
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MINIMUM WIDTH 


• 


CMOS 
Previews 


II 


• 
Ionization 
Type 
with 
On Chip FET 


• 
Piezoelectric Horn Driver 


• 
Guard 
Outputs 
on Both 
Sides of Detect 
Input 


• 
Low Battery 
Trip 
Point 
Internally 
Set Can Be Altered 
Via External 
Resistor 


• 
Detect 
Threshold 
Internally 
Set Can Be Altered 


Via External 
Resistor 


• 
Pulse Testing 
for Low Battery 
Uses LED for Battery 


Loading 


• 
Comparator 
Outputs 
for Detect 
and Low Battery 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Detect 
Camp 
Out 
Guard 


N!C 
15 
Detect 
Input 


Low 
V Set 
14 
Guard 


Low V Camp 
Out 
4 
13 
Sensitivity 
Set 


LED 
12 
OSC 
Capacitor 


VOO 
" 
Horn Out 3 


Timing 
Resistor 
10 
Horn Out 2 


Horn Out 1 
8 
9 
VSS 


6 DIGIT, 
11 FUNCTION 
LCD WATCH CIRCUIT 


• 
6 Function Timekeeping 


• 
24 Hour Alarm 


• 
Chronograph with Split 


• 
Timer with Alarm 


• 
3 Volt Operation 


Alarm 
Alarm 
OSCout 
OSCin 
-L 


TSW 
'+ 


Backlight 
Out 


-L 
-L 
,..-o-L 
SWSW 
ASW 
-L<>-t 
• 


SPSW 
SSW • 


VSS 
MD 


T 


Outputs 
to 
LCD 


MCM146514 


1 K X 4 STATIC 
RAM 
CMOS LSI 


(LOW POWER COMPLEMENTARY 
MOS) 


• 
1024 Words by 4-Bit Organization 


• 
Industry Standard 18-Pin Configuration 


• 
Single Supply - 
5 Volt Operation 


• 
Fully Static - 
No Clocks or Refresh Required 


Memory 
Array 


64 
Row 


64 Columns 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
680 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
707 


MC146805 Series 


M ICROPROCESSORS/M 
ICROCOMPUTE 
RS 


CONFIGURATION 
FEATURES: 


• 
CMOS Microprocessors and Microcomputers 


Low Power Operation 
Very Low Power in Standby 
3.0 to 6.0 Volt Power Supply 


• 
On-Chip RAM 
64 Byte Option 
112 (128-16 I/O) Byte Option 


• 
On-Chip ROM 


2K Byte Option 
1.1K (1 K + 128 = 11521 Byte Option 
No ROM Option 


• 
External Interrupt 


• 
Timer/Counter 
8 Bits Programmable 
7-Bit Prescaler 
External or Internal Clock 
Time-Out Interrupt 


• 
I/O Ports 
2-1/2 
Port (20 Line) Option - 
28 Pins 


4 Port (32 Linel Option - 40 Pin's 
Each Line May 8e Input or Output 


• 
4.0 MHz Oscillator - 
1.0 MHz Cycle 


• 
Other I/O Options Are Planned Within the Digital 
and Linear Capabilities of CMOS 


CMOS LSI 


(LOW-POWER COMPLEMENTARY 
MOS) 


SOFTWARE FEATURES: 


• 
Software Compatible with NMOS MC6805 


• 
Programming Similar to MC6800 


• 
RAM, ROM and I/O Use the Same Addressing Modes 


Powerful Access to All Data 
Look-Up Tables in ROM 
Special I/O Instructions Not Needed 


• 
8it Manipulation 
of I/O and RAM 


• 
Index Register - 
Powerful Indexed Addressing 


• 
Stack Pointer - 
For Multilevel Subroutining 


• 
Memory Modification 
Instructions - 
Increment, 


Decrement, Shift, Rotate, Complement, Negate, 
and Clear 


• 
LessCode Per Function 
Program Quicker 
Change Easier 
More Reliable 


40 Pms 


Expansion 
Bus 


112 Bytes RAM 


No ROM 
16 110 Lines 


28 Pms 


No Expansion 
Bus 


64 Bytes RAM 


1.1 K ROM 


20 I/O Lines 


MC146818/MC146819 


REAL·TIME 
CLOCK/RAM 


FEATURES: 
• 
Counts Seconds, Minutes, Hours, Days, Date, 
Month and Year 


• 
Low Power CMOS Operation from 3.0 to 6.0 Volts 


• 
Direct 
Microprocessor 
Interface 


• 
MC146818 Is Multiplex 
Bus Compatible With 
MC146805, MC6801, 8085, 8048, and 8086 


• 
MC146819 Is General-Purpose, Non-Multiplexed, 


Memory Type Interface 


• 
64 X 8 RAM - 
12 Bytes for Clock, 52 Bytes for User 
Data Storage 


• 
Interrupt 
to Microprocessor: 


Time of Day Alarm or 
Periodic Rates From 122 IlS to 1 Hour 


• 
Square Wave Output Signal at the Interrupt 
Rate 


• 
Microprocessor Clock Output at 4 or 1 MHz 


• 
Binary or BCD Time, Calender and Alarm 


• 
12 or 24 Hour Clock 


• 
Leap Year 


• 
Daylight Savings Time Option 


CMOS LSI 


(LOW POWER COMPLEMENTARY 
MaS) 


APPLICA TlONS': 


• 
Battery Powered Clock and RAM for: 


NMOS Microprocessors (MC6800, 8080, etc.) 
NMOS Microcomputers 
(MC3870, 2000, etc.) 
CMOS Microprocessors (MC146805, etc_) 


• 
Real-Time Data Collection 


• 
Point of Sale 


• 
Gas Pump Control 


• 
Automatic 
Teller 


• 
Small BusinessMachine 


• 
Word 
Processing 


• 
Data Entry (Form Fill-Inl 


• 
Time Clock 


• 
Taxi Meter 


• 
Heating and Cooling Control 


• 
Home Computer 


• 
Games 


• 
Appl iances 
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CMOSData sheets 
• 


The MC14000UB dual 3-input 
NOR gate plus inverter is con- 


structed 
with 
MOS P-channel and N-channel enhancement mode 


devices in a single monolithic 
structure. Thesecomplementary MOS 


logic gates find 
primary 
use where low power dissipation and/or 
high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation - 
Positive or Negative 


• 
High Fanout 
> 50 


• 
Input Impedance = 1012 ohms typical 


• 
Logic Swing Independent of Fanout 


• 
Pin-for-Pin Replacement for CD4000UB 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-05toVOO-+05 
Vdc 


DC Current Drain per Pm 
I 
10 
mAde 


Operating Temperature 
Range 
Al 
DeVice 
TA 
-5Sto 
+125 
°c 
CL/CP 
Device 
-40 to +85 


Storage Temperature 
Range 
T stg 
-65 to +150 
°c 


II 


DUAL 3-INPUT "NOR" 
GATE 
PLUS INVERTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MO,.,,,""1~':' 
0.':::::.... 


P 
Plastic 
Package 
A 
Extended 
Operating 


-~mp.rature Range 
e 
Limited 
Operating 
Temperature 
Range 


"~ 
12 
10 


13 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
however. 
it 
is 
advised that 
normal 
precautions 
be taken 


to avoid application 
of any voltage higher 


than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
.Ii; 
(Vin 
or 


Vou,' 
•• VOO· 


Unused inputs must always be tied 
to an 
appropriate 
logic voltage level (e.g., 
either 
VSS or VOOI. 


Voo 
T10w . 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
MI, 
Unit 


Output 
Voltage 
"0" Level 
Val 
5.0 
0.05 
0 
0.05 
0.05 
Vdc 


V1n::: 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
495 
- 
Vdc 
V1n::: 
0 or Voa 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage" 
"0" Level 
Vll 
Vdc 


(Va' 
4.5 Vdcl 
50 
- 
1.0 
2.25 
1.0 
- 
1.0 


(Va' 
9.0 Vdcl 
10 
2.0 
- 
4.50 
2.0 
- 
2.0 


(Va' 
13.5 vdcl 
15 
- 
2.5 
6.75 
2.5 
- 
2.5 


.. ,,, 
Level 
VIH 
(Va· 
0.5 Vdcl 
5.0 
4.0 
4.0 
2.75 
- 
4.0 
- 
Vdc 


(Va· 
1.0 Vdcl 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 


(Va· 
1.5 Vdcl 
15 
12.5 
- 
12.5 
825 
- 
12.5 
- 


Output 
Drive Current 
(AL Device) 
'OH 
mAde 


1VOH ' 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH • 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH· 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(Val 
= 0.4 Vdc) 
S,nk 
IOl 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(Val 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


IVOl 
• 1.5 Vdc! 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
'OH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 
(VOH • 4.6 Vdcl 
50 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH 
= 9.5 Vdc! 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH 
= 13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(Val' 
0.4 Vdcl 
SInk 
'Ol 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(Val 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOl 
• 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
to 
1 
,000001 
to 
1 
- 
, 1.0 
/JAde 


Input 
Current 
(CLlCP 
Devicel 
lin 
15 
- 
'03 
- 
!0.00001 
, 0.3 
- 
, 1.0 
,uAdc 


Input 
Capacitance 
C," 
- 
- 
- 
- 
50 
7.5 
- 
- 
OF 


(V,n 
'= 01 


QUiescent 
Current 
(AL 
DeVice) 
100 
50 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
/.lAde 


(Per 
Package) 
10 
0.50 
- 
0.0010 
0.50 
- 
15.0 
15 
1.00 
- 
0.0015 
1.00 
- 
30.0 


QUlescenl 
Currenl 
(CL/CP 
DeVice) 
100 
50 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
/-lAde 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15.0 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30.0 


TOlal 
Supply 
Current·· 
t 
IT 
50 
IT' 
(0.3 "AlkHzl 
f + IOOIN 
/JAde 


(DynamiC 
plus 
OUiescent, 
10 
IT' 
10.6 "AlkHzl 
f + loOIN 
Per Gote, Cl 
• 50 OF) 
15 
IT' 
(0.8 "AlkHz) 
f + IODIN 


-T1ow 
= -5SoC for AL 
Device, -40°C for CL/CP 
Device. 


Thigh = + 1250C 
for AL 
Device, 
+850C 
for CLlCP 
Device. 


#Noise 
Immunity 
specified 
for worst-case 
input combination. 


Noise Margin 
for both 
"1"and 
"0" 
level = 


0.5 
Vdc min 
@ VDO 
'" 5.0 Vdc 


1.0 Vdc min@ 
VOD 
'" 10 Vdc 


1.0 Vdc min@ 
VOO 
'" 15 Vdc 


where; 
IT is in j.J.A(per package), 
CL in pF, 
VOO 
in Vdc, 
f in kHz 


is input 
frequency 
and N is number 
of gates per package. 


• -The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 
25°C. 


• 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vdc 


Output 
Rise Time 
tTLH 
ns 


tTLH' 
13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH' 
11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
'11.1 
ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 
tTHL' 
0.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL' 
10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL' 
10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
ns 


tpLH. 'pHL' 
11.7ns/pF) CL + 30 ns 
tpHL 
5.0 
- 
115 
230 
tpLH. tpHL • 10.66 ns/pF) CL + 22 ns 
10 
- 
55 
110 
tPLH 
tpHL' 
10.50 ns/pF) CL + 15 ns 
15 
- 
40 
80 
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.< 
~ 
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FIGURE 3 - 
TYPICAL 
VOLTAGE 
TRANSFER 
CHARACTERISTICS 
versus TEMPERATURE 


16 


~ 


= 15 Vdc 
unu1sed InptulS 


conneCll~d 10 
"" 
VS~ 


10 Vdc. 
. L=t,1250C 


1"\ 


b 
TA - -55°C 
. 
b 
. b 


50 Vdc 
---.,. 


• 
b 
~ 


I'... 
'-.. 
o 
o 
2.0 
40 
60 
80 
10 
12 
14 
16 


Vm,lNPUT 
VOLTAGE 
tVdc) 


® MOTOROLA 


The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic 
structure (Comple- 


mentary MaS). Their primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin 
Replacements for 
Corresponding CD4000 Series B 
Suffix Devices 


,._ 


MC14XXXB 
_[.:~. 
o.,.~',:~~._ 


PlastiC Package 
Extended 
Operating 
Temperature 
Range 
Limited 
Operating 
Temperature 
Range••• 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 
to VOO 
+05 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


OperatIng 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 to +125 
°c 
CUCP 
DevIce 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against damage 
due to 
high 
static 
voltages 
or 
electric 
fields; 
however, 
it "is advised 
that 
normal 
precautions 
be 
taken 
to avoid 
application 
of any voltage 
higher than maximum 
rated voltages to 
this high 
impedance 
circuit. 
For proper 
operation 
it is recommended 
that 
Vin 
and 
Vout 
be constrained 
to the range VSS';;; (V in or Vout)';;; 
VOO' 


MC14001B 


Quad 2-lnput NOR Gate 
MC14002B 


Dual 4-lnput NOR Gate 


MC14011B 


Quad 2-lnput NAND Gate 
MC14012B 
Dual 4-lnput NAND Gate 
MC14023B 
Triple 3-lnput NAND Gate 
MC14025B 


Triple 3-lnput NOR Gate 
MC14068B 


a-Input NAND Gate 
MC14071B 


Quad 2-lnput OR Gate 
MC14072B 


Dual 4-lnput OR Gate 
MC14073B 


Triple 3-lnput AND Gate 
MC14075B 
Triple 3-lnput OR Gate 
MC14078B 
a-Input NOR Gate 
MC14081B 
Quad 2-lnput AND Gate 
M_C14082B 
Dual 4-lnput AND Gate 


NOR 


MC14001B 
Quad 2·lnput NOR Gate 


"3=D- 
12 
10 


13 


~~1 
1:~ 
13 
" 
12 


1?-'3 
10 
" 
12 


NAND 


MC14011B 
Quad 2·lnput NAND Gate 


"~ 
12~--10 
13 
. 


~~11:P- 13 
" 
12 


1P-'3 
10 
" 
12 


OR 


MC14071B 
Quad 2-lnput OR Gate 


"3L>- 
12 
10 


13 


~5D-' 
1:~ 
13 
" 
12 


Voo 
= Pin 14 


VSS = Pin 
7 
for 
All Devices 


AND 


MC14OB18 
Quad 2-lnput 
AND Gate 


"3D- 
12 
10 


13 


~P' 
1:p 13 
" 
12 


VOO 
Tlow . 
2SoC 
Thl 
h. 


CharacteristiC 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Vnltaqe 
"0" 
Level 
Val 
5.0 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO 
Or 0 
10 
- 
0.05 
- 
0 
005 
- 
0.05 


15 
- 
005 
0 
0.05 
- 
0.05 


"1" 
Level 
VaH 
5.0 
4.95 
- 
4.95 
5.0 
4.95 
Vdc 
V,n 
o or VOO 
10 
9.95 
- 
995 
10 
995 
- 


15 
1495 
- 
14.95 
15 
- 
14.95 


Inpul 
Vollage;/ 
"0" Level 
Vil 
Vdc 


(Va 
4.5 
Or 0.5 
Vdcl 
50 
1 5 
2.25 
1 5 
- 
15 


(Va 
90 
Or 
1.0 Vdc) 
10 
30 
4.50 
3.0 
- 
3.0 


(Va 
135 
Or 1-5 Vdc) 
15 
40 
6.75 
40 
- 
40 


"". 
Level 
VIH 


(Va 
0.5 
or 45 
Vdcl 
50 
3.5 
35 
2.75 
- 
3.5 
- 
Vdc 
(Va 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
1 50r 
13.5Vrlcl 
15 
11.0 
- 
110 
825 
- 
11.0 
- 


OUIPut 
Oflve 
Current 
lAL 
~evlcel 
laH 
mAde 


1VOH 
2.5 Vdcl 
Source 
50 
-3.0 
- 
2.4 
-4.2 
- 
-1.7 
- 


(VOH 
46 
Vdcl 
5.0 
-0.64 
- 
-0.51. 
-0.88 
- 
-0.36 
- 


1VOH 
95 
Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-09 
- 


(VOH 
13.5 
Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


1VOl 
04 
Velc) 
Sink 
IOl 
50 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
05 
Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
15 Vdcl 
15 
4.2 
- 
34 
8.8 
- 
2.4 
- 


Output 
Dflve 
CUffent 
ICLlCP 
DeVice) 
IOH 
mAde 


1VaH 
25 
Vdcl 
Source 
50 
-2.5 
- 
-2.1 
-4.2 
-1.7 


1VOH 
4.6 
Vdcl 
50 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 


1VOH 
95 
Vdcl 
10 
1.3 
- 
-1.1 
-2.25 
- 
-0.9 


1VOH 
13.5Vdcl 
15 
3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOl 
04 
Vdcl 
Sink 
tOl 
50 
0.52 
- 
0.44 
0.88 
0.36 
- 
mAde 
(VOL 
0.5 
Vdc) 
10 
13 
1.1 
2.25 
0.9 


(VOL 
1 5 Velcl 
15 
3.6 
- 
3.0 
88 
24 


Inpul 
Current 
IAL 
DeVICe) 
I,n 
15 
±O 
1 
'000001 
-01 
• 10 
.uAdc 


Inpul 
Current 
(CLlep 
DeVice) 
I,n 
15 
'03 
iDoaCOl 
'03 
- 
"0 
.uAdc 


Input 
Cd~acl'ilnce 
C,n 
- 
- 
50 
7.5 
- 
pF 


IVIn:: 
0) 


QUiescent 
Current 
(AL 
DeVice) 
100 
50 
0.25 
0.0005 
0.25 
- 
7.5 
}.lAde 


(Pel 
Pdl.:kaqel 
10 
0.50 
0.0010 
0.50 
- 
15.0 


15 
1.00 
0.0015 
1.00 
30.0 


QUiescent 
CUI renl 
ICL CP DevICel 
'DO 
50 
1.0 
0.0005 
1.0 
7.5 
/J.Adc 


(per 
Pdckaqel 
10 
2.0 
0.0010 
2.0 
- 
15.0 
15 
4.0 
- 
0.0015 
4.0 
- 
30.0 


Total 
Supply 
CUllen1" 
"t 
IT 
50 
IT = 10.3 "A/kHzl 
f + IODIN 
.lJAdc 


(DynamIC 
plus 
QUIescent, 
10 
IT = (0.6 "A/kHzl 
f + IODIN 
Per Gate, 
CL 
= 50 pFl 
15 
IT = 10.9 "A/kHzl 
f + IODIN 


"Tlow 
= -55°C 
lOr AL 
Devrce, 
-40°C 
lor 
CLlCP 
DeVIce. 


Thrqh 
= t 1250C 
for 
At 
Devrce. 
t850C 
for 
CLlCP 
DeVIce. 


r#No(se 
Immunity 
spcLifred 
for 
war Sf-case input 
combinatron. 


Noise 
Margin 
for 
both 
"1" 
and 
"0" 
level 
= 1.0 Vdc 
mrn 
C!.U 
VDD 
= 5 0 Vdc 


2.0 
Vdc 
mrn 
@ VDD 
= 10 Vdc 


25 
Vdc 
min@VDD 
= 15 Vdc 


fTo 
calculate 
total 
supply 
current 
al loads 
olher 
than 
50 pF 


IT(CLI 
•• IT(50 
pF) 
.• N x 
10-3- ICL 
-SOl VOOf 


where: 
IT is in .lJA (per package), CL 
In pF, VOO 
in Vdc, f in kHz is input 
frequency 
and N is number 
of gates per package. 


- -The 
formulas 
given are for 
the typical 
characteristics 
only 
at 25°C. 


Voo 
Characteristic 
Svmbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output Rise Time, All a-Series Gates 
tTLH 
ns 


tTLH 
= (1.35 ns/pF) CL + 33 ns 
5.0 
- 
100 
200 


tTLH 
= lO.60 ns/pF) CL + 20 ns 
10 
- 
50 
100 


tTLH 
= (0.40 ns/pF) CL + 20 ns 
15 
- 
40 
80 


Output Fall Time, All a-Series Gates 
tTHL 
ns 


tTHL 
= 
11.35 ns/pF) CL + 33 ns 
5.0 
- 
100 
200 


tTHL 
= 10.60 ns/pF) CL + 20 ns 
10 
- 
50 
100 


'THL 
= (0.40 ns/pF) CL + 20 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tpLH. 
tPHL 
ns 


MC14oo1B. 
MC14011B only 
tpLH. 
tpHL 
= (0.90 ns/pF) CL + 80ns 
5.0 
- 
125 
250 
tpLH. 
tpHL 
= 10.36 ns/pF) CL + 32 ns 
10 
- 
50 
100 
tpLH. 
tPHL = (0.26 ns/pF) CL + 27 ns 
15 
- 
40 
80 


All Other 2, 3, and 4 Input Gates 
tpLH. 
tpH L = 10.90 ns/pF) CL + 115 ns 
5.0 
- 
160 
300 


tpLH. 
tpHL 
= 10.36 ns/pF) CL + 47 ns 
10 
- 
65 
130 
tpLH. 
tpHL 
= 10.~6 ns/pF) CL + 37 ns 
15 
- 
50 
100 


8-lnput 
Gates IMC140688. 
MC140788) 


tpLH. 
tPHL = 10.90 ns/pFI CL + 155 ns 
5.0 
- 
200 
350 
tpLH. 
'pHL 
= 10.36 ns/pFI CL + 62 ns 
10 
- 
80 
150 


tpLH. 
tpHL 
= 10.26 ns/pF) CL + 47 ns 
15 
- 
60 
110 


Vss 


-All 
unused inputs of AND, 
NAND 
gates must be 
connected 
to VOO- 


All unused inputs of 0 R. NO R gates must be 
connected 
to VSS' 


MC14025B 
MC14075B 
One of Three 
Gates Shown 


MC14002B 
MC14072B 
One of Two 
Gates Shown 


~C14078B 
Ight Input 
Gate 


MC14023B 
MC14073B 
One of Three 
Gates Shown 


MC14012B 
MC14082B 


One of Two 
Gates Shown 


MC14068B 


Eight 
Input 
Gate 


S.O 


4.0 
;( 
.§. 


~ 
3.0 
az 
2.0 
~ 
0 
E 
1.0 


TA"-SSOC 


.....-;;.. 
40°C 
~V 
08SoCi2SoC 


Iffi' ~ 
+125°C 
A~# 
~, 


20 


18 


16 
;( 
14 
.§. 
•... 
~ 
12 
~ 
10 
=> 
uz 
8.0 
~ 6.0 
E 
4.0 


2.0 


TAO-SSOC 


./ 
-<O"C 
/-. ;;- 
+25°C 
~ 
/ 
+8S 


OC 


A / 
~ 
+125°C 
h //' 
r~ 
fA, 


00 
1.0 
2.0. 
3.0 
4.0 
S.O 
6.0 
7.0 
8.0 
9.0 
10 


VOS. ORAIN·TO·SOURCE VOLTAGE IVdc) 


SO 


4S 


40 
;( 
.§. 
3Si 


30 


2S 
z 
20 
~ 
IS 
E 
10 


S.O 


TA 0 
SSoC 
V 


-<O"C 
,V 


+25°C 
+8 'C 
1// ~ 
+12SoC 
/.10' 
J#, 


4.0 
6.0 
8.0 
10 
12 
14 
18 


VOS. ORAIN·TO.sOURCE VOLTAGE (Vdc) 


-10 


-9.0 


-8.0 
;( 
.§ -7.0 
•...z 
~ -6.0 
a -5.C 
z 
~ -4.0 


~-3.0 


-2.0 


-1.0 


o 
o 


I 
I 
- 
TA 0 -SSoC 
L.----1" 
~ 
I-- 
-<O"C 


./ 7 
7 
---~ 
+25°C 


+85°C 
W 
./ /' 


+12SOC 
#' 
~ ~ 
/' 
~~ 
~ 
gP 


TAO-SSoC = 
- 
.---- ::-- 
+2sojO"C- 
// 
---- 
+8SOC 
y-- .---- - 
+l25°C 
~ 
~ 
y 
~ 
•••• 


-45 


-<0 
1-35 
•... 
~ 
-30 
B -25 


~ 
-20 


CI -15 
E -10 


-S.O 


00 
-1.0 
-2.0 
-3.0 
-4.0 
-S.O 
-6.0 
-7.0 
-8.0 
-9.0 
-10 


VOS. ORAIN·TO.sOURCE VOLTAGE IVdc) 


TA' 
-SSoC 


I?" 


+2SO-<lJ"C 


.h 
t-- 
+85' 


A ~ 
~ 
+1 ·C 


~ 
~ 


" 


-100 


-90 


-80 
;( 
.§. 
-70 


~-60 
= -so 
~-.a 


~ 
-30 


-20 


-10 


00 
-2.0 
-<.0 
-6.0 
-8.0 
-10 
-12 
-14 
-1' 


VOS. ORAIN·TO.sOURCE VOLTAGE (Vdcl 


Single Input NANO, ANO 
Multiple Input NOR, OR 
/1 


"" 
Single Input NOR, OR 
Multiple Input NANO, ANO 
/ 
'" 


~ 
w 
'" 
4( 
5.0 
~ 
o> 
~ 
4.0 


~ 
3.0 
o 


16 


14 
~ 
12 
w 
'" 
10 
«~ 
0 
8.0 
>•... 
"S 
6.0 
0 
;' 
4.0 


2.0 


I 
I 
1 


Single Input NANO, ANO 
Multiple Input NOR, OR - 
.--r . II 


/' 
S;~le 
I"""~ NOR, O~ 
M/lnput 
NAND, ANO 
/' 


:g~ 
w 
'" 
10 
«~ 
0 
8.0 
>•... 


~ 
6.0 


4.0 
> 
2.0 


Single lop ••t NAND, AND 
Multiple Input NOR, OR 
/' 
./ 
Single Input NOR. OR 
Multiple Input NAND, AND 
/ 
I' 


The de noise immunity 
is defined as the input 
voltage range from an ideal "'" 
or "0" 
input level 
(assuming the 
previous 
CMOS driving 
state is 
unloaded which 
does not produce output 
state 
(combination) 
change(s), The typical 
and limit 
values of the input ranges VNL and VNH for the 
output 
to stay within 
a range .o.Vout from either 
VOO or VSS are given in the Electrical 
Char- 
acteristics table. The definitions 
of VNG 
VNH. 
and .o.Vout are illustrated 
in Figure 11 for invert- 
ing and non-inverting functions. 


® MOTOROLA 


The UB Series logic gates are constructed with P and N channel 


enhancement mode devices in a single monolithic 
structure (Com- 


plementary MOSl. Their primary use is where low power dissipation 
and/or high noise immunity 
is desired. The UB set of CMOS gates 
are inverting non-buffered functions. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Linear and Oscillator Applications 


• 
Capableof Driving Two Low·power TTL Loads, 
One Low·power Schottky TTL Load or Two HTL Loads 
Over the Rated Temperature Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-for·Pin Replacementsfor Corresponding CD4000 


Series UB Suffix Devices 


• 
Formerly Listed without UB Suffix 


LOGIC DIAGRAMS 


MC14002UB 
MC1401lUB 
MC1400lUB 


Quad 
2-lnput 
NOR 
Gate 
Dual 
4-lnput 
NOR 
Gate 
Quad 
2-lnput 
NAND 
Gate 


~~3 
~~1 
~==C=>-3 
:~4 
:==C=>-4 


:~10 
1:~13 
:==C=>-1O 
11 
12==C=>- 
12~ 
11 
11 
12 
13 
13 


MC14012UB 
MC14023UB 
MC14025UB 


Dual 
4-lnput 
NAND 
Gate 


Triple 
3-lnput 
NAND 
Gate 
Triple 
3·lnput 
NOR 
Gate 


~P-' :3=Cr 


9 
:3=L>-9 
:3=Cr 


6 
:3=L>-6 


1:~13 
11 
"3=Cr 
"3=L>- 
12 
12 
10 
12 
10 
13 
13 


VOO ""Pin 14 
Vss=Pin7 
for All Devices 


MC14001UB 
Quad 2-lnput NOR Gate 
MC14002UB 
Dual 4-lnput NOR Gate 
MC14011UB 
Quad 2-lnput NAND Gate 
MC14012UB 
Dual 4-lnput NAND Gate 


MC14023UB 
Triple 3-lnput NAND Gate 


MC1402SUB 
Triple 3-lnput NOR Gate 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXUB ~SU~f;Xc.::;:t::Ck.9. 


P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


This 
device contains 
circuitry 
to 
protect 
the 
inputs against damage due to 
high static 
voltages or electric fields; however, it is advised 
that 
normal 
precautions 
be 
taken 
to 
avoid 


application 
of 
any voltage higher than maxi- 


mum 
rated 
voltages to 
this 
high 
impedance 


circuit. For proper operation it is recommended 
that Vin and Vout 
be constrained to the range 


VSS 
CO;; (V in or Voutl 
CO;; VDD' 
Unused inputs must always be tied to an 


appropriate 
logic 
voltage 
level 
(e.g., 
either 


VSS or VDDI. 


Ratinv 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5'0 
+18 
Vdc 


t nput Voltage, All Inputs 
Vin 
-0.5 to VDD 
+05 
Vdc 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 
Cl/CP 
Device 
-40 to +85 


Storage Temperature 
Range 
T"g 
-65'0+150 
°c 


Voo 
Tlow. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
M•• 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V1n =. VDD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vm==OorVDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" Level 
VIL 
Vdc 


(Va' 
4.5 vdcl 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 


(Va· 
9.0 Vdc) 
10 
- 
2.0 
- 
4.50 
2.0 
- 
2.0 


(Va· 
13.5 Vdcl 
15 
- 
2.5 
- 
6.75 
2.5 
- 
2.5 


"1" 
Level 
VIH 


(Va· 
0.5 Vdc) 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 
Vdc 


(Va· 
1.0 Vdc) 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 


(Va = 1.5 Vdc) 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Dove Current fAL Device) 
IOH 
mAde 


1VOH • 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH • 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL' 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAdc 


(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
'OH 
mAdc 


(VOH • 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH • 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH' 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 


(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
- 
:!:O 1 
- 
'000001 
!O 1 
- 
! 1.0 
,""Adc 


Input Current (CLlCP DeVice) 
lin 
15 
- 
'03 
- 
'0.00001 
, 0.3 
- 
! 1.0 
,""Adc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(V;", 
01 


Quiescent Current (AL DeVice) 
too 
50 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
j..IAdc 


(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15.0 


15 
1.00 
- 
0.0015 
1.00 
- 
300 


QUIescent Current (CLlCP DeVice) 
'00 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
J,lAdc 


(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15.0 


15 
- 
4.0 
- 
0.0015 
4.0 
- 
30.0 


Total Supply Current' 
4 t 
IT 
5.0 
IT' 
(0.3 ~A/kHzJ f + IOO/N 
J,lAdc 


(DynamiC plus QUiescent, 
10 
IT' 
(0.6 ~A/kHz) 
f + IOO/N 
Por Go.o. 
CL • 50 pF) 
15 
IT' 
(0.8 ~A/kHzl 
f + loO/N 


-Tlow 
s 
-SSoC 
for AL 
Device, -40°C 
for CL/CP 
Device. 


Thigh 
s +12SoC 
for AL 
Device, +8SoC 
for CL/CP 
Device. 


#Noise 
immunity 
specified 
for worst-case input combination. 


Noise Margin 
for both ","and 
"0" 
level 
z: 


0.5 
Vdc min@ 
VoD" 
5.0 Vdc 


'.0 
Vdc min@ 
VoD" 
'0 
Vdc 


'.0 
Vdc min@ 
"DO:: 
'5 
Vdc 


where: 
IT is in IJ,A (per package), 
CL in pF, 
'100 
in Vdc, 
f in kHz 


is input frequency 
and N is number 
of gates per package. 


• -The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 


2SoC. 


Voo 
Characteristic 
Symbol 
Vde 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 
tTLH 
~ (3.0 n.!pF) 
CL + 30 ns 
5.0 
- 
180 
360 
tTLH 
~ (1.5 n.!pF) 
CL + 15 n. 
10 
- 
90 
180 
tTLH 
~ (1.1 n.!pF) 
CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 
tTHL 
- 11.5 ns!pF) CL + 25 n. 
5.0 
- 
100 
200 
tTHL· 
(0.75 ns!pF) CL + 12.5 ns 
10 
- 
50 
100 
tTHL = (0.55 ns!pF) CL + 9.5 n. 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH.tpHL 
ns 
tpLH. tpHL = (1.7 ns!pF) CL + 30 ns 
5.0 
- 
90 
180 
tPLH. tPHL : (0.66 ns!pF) CL + 22 ns 
10 
- 
50 
100 
tPLH. tPHL 
= (0.50 ns!pF) CL + 15 ns 
15 
- 
40 
80 


Vss 


-All 
unused inputs of AND, 
NAND 
gates must be 
connected to Voo. 
All unused inputs of OR, 
NOR 
gates must be 
connected 
to VSS' 


MC14011UB 
CIRCUIT 
SCHEMATIC 
MC14012UB 
CIRCUIT 
SCHEMATIC 
MC14023UB 
CIRCUIT 
SCHEMATIC 
(1/4 of Devic. Shown) 
(1/2 of Device 
Shown) 
(1/3 of Device Shown) 


14VOO 
'4VOD 


'4 Voo 


l~ 
I~ 
I~ 
II~ 
n~t~ 
. 
~ 


1,13 


II~ 


•. 9.10 
··· 
..a.... 
· 
Ii 


2, • 
I~ 


5,1,11 


IJ 
3, ,0 


I~ 
2.6, 
•• 12 
4.2.12 


IJ 


4,11 


I~ 
7 Vss 


6,12 
3, e, 13 


7 Vss 
7 Vss 


MC14025UB 
CIRCUIT 
SCHEMATIC 
FIGURE 
2 - 
TYPICAL 
VOLTAGE 
AND 
FIGURE 
3 - 
TYPICAL 
VOLTAGE 
11/3 of Devic. Shown) 
CURRENT 
TRANSFER 
CHARACTERISTICS 
TRANSFER 
CHARACTERISTICS 
•• rsus 


TEMPERATURE 
"- 
~"'lSVck 
I 
T,,".2SIIC 
" 
u•••• 
'"~:~ 
'4VOD 
.. 
llnvtMIllllU 


K 
1_ 
~D·15V* 


1'\ 


"" 


1 
conrwtlM'O 
.. 
COflntCttdlo 
....~ 
~ II 
Vss 
W' 
Vss 
i 


IOV~ 
,I 
OIlf!nptlIO~._ 
I 
i 
II 
2.".12 
:J 
? 
IO~lk 


, 
_ i•.. ;"., I 


~ 


lO 
II 
Solllltnplln 


e, 5, 13 
:J 
< 
lO 
~ 
~ 


II 1.•.• ·55.C i 


1.0 
I 
10 
~ 


I 
~'-r-1 
~u 
, , 
~ 
•• 
.,6,10 
'.0 
~ 


- , 
J 
._0;" ,, , 
\ 
lSV~ 
i 
60 
SDVdt 


~ 


~II, 
, 
'L 
40 
p 
J ••---'-ti' 


lO 
I Q. 
I 


\ 
L.lOVj_l.O 
'I' 
I 
" .c ~l 
0 
lO 
I 
~I 


0 
'- 
7 Vss 
0 
lO " 


.0 
1.0 
lO 
II .. " 


0 


Vin, INPUT VOLTAGE (ViXl 
0 
lO 
b.O 
'.0 
•• 
lO 
II .. " 
V,n, INPUT VOLTAGE (Vlkl 


FIGURE 
4 - 
TYPICAL 
OUTPUT 
SOURCE 
FIGURE 5 - 
TYPICAL 
OUTPUT 
SINK 
CHARACTERISTICS 
CHARACTERISTICS 


0 
I 
I 
I 
< 
r- 


lO 
, 
<L 
lHdl: 
I 
I 
VGS··5.DVlk , 
rr 
1/7-, -<:.. 


·lO 
•• 


VGS·'OVlk 
i 
- 
i 
V, 


II T•••" -SSOC 
'Ii 
.! 
!IJ 
<,J- 
i 


-4.0-' 
T",,·2S'C 


~ " 
c 
1,.",.I2SOC 
./ 
V il 
II 1/ 
II T,,'"--Hee 
t--- 


a 
-&.0 
,- 
/ 
II 
a 
/ 
II T,,·.zsot 


z 
/ 
.-d. 
V/.J 


bO 
t 11""1250C t-- 


~ 
·IOV ,,~ k':: ' 
JV- ~-lSV* 
~ 
- 
, 
I 
p 
-so 
-W 
i 
I 


p 
lO 
",5.0v* 
...- 
I 


·lO 
j. 
1/ 
I- 
I 
0 
I 
I 
I 
·ID 
... 
-6.0 
." 


-2.0 
0 
0 
2.0 
b.O 
'.0 
1,0 
" 
Y05- DIIAIN VOLTAGE IV.) 
Yos. 
DRAIN 
VOLTAGE 
IV«) 


® MOTOROLA 


The MC14002B and MC14002UB are constructed 
with 
P and N 
channel enhancement mode devices in a single monolithic 
structure 
(Complementary 
MaS). 
Their 
primary 
use is where low power 


dissipation and/or high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 
(MC14002B only) 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper' 
ature Range. (MC14002B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin·for-Pin Replacements for CD4002B and CD4002UB 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-0.5 to VOO -05 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range - 
A L DeVice 
TA 
-55 to +125 
°c 


CLlCP 
DeVice 
-40 
to +85 


Storage 
Temperature 
Range 
T 5t9 
-65 to +150 
°c 


See the MC14001 B data sheet for complete characteristics of the 
B·Seriesdevice. 
See the MC14001 UB data sheet for complete characteristics for the 
UB device. 


MC14002B 
MC14002UB 


.."!fI1 ..• 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XX xJ'1~':'~.'::::.~ 


or US 
as 
P 
Plastic 
Package 


Applicable 
A ;:;;:;:r:~u~:~:~;: 


C 
Limited 
Operating 


Temperature 
Range 


~~1 
1:~ 
13 


11 


12 
. 


Voo 
= Pin 
14 


VSS:: 
Pin 7 


This 
device 
contains 
circuitry 
to 
protect 
the inputs 
against damage due 
to 
high 
static 
voltages 
or electric 
fields; 
however, 
it is advised that 
nor· 


mal precautions 
be taken 
to avoid application 
of any voltage 
higher 
than 


maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin 
and 
Vout 
be constrained 
to the 


range VSS ~ 
(Vin 
or Vout) 
~ 
VDD' 


Unused 
inputs 
must 
always 
be tied to an appropriate 
logic voltage 
level 


(e.g., either 
VSS or VDD)' 


@ MOTOROLA 


The MC14006B shift register is comprised of four separate shift 
register sections sharing a common clock: two sections have four 
stages,and two sections have five stageswith an output tap on both 
the fourth 
and fifth 
stages.This makes it possible to obtain a shift 
register of 4, 5, 8, 9, 10. 12, 13, 14, 16, 17, or 18 bits by appropri- 
ate selection of inputs and outputs. This part is particularly useful in 
serial shift registers and time delay circuits. 


• 
Output Transitions Occur on the Falling Edgeof the Clock Pulse 


• 
Quiescent Current - 5nA/package typical 
@ 5 Vdc 


• 
Fully Static Operation 


• 
8-MHz Shift Rate typical 
• 
Can be Cascadedto Provide Longer Shift Register Lengths 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


• 
Pin-for-Pin Replacement for CD4006B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Yon 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
'A 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


LOGIC DIAGRAM 


lONE REGISTER STAGE) 
c 


MC140068 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


.""m 11SUffiX 
Denote$ 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


On 
C 
00+1 
0 ----- 
0 


1 ----- 
, 


X 
~ 
an 


lei 
1 
In-$-ou, 


2 
lei 


I nput to output 
is 


(AI 
A bidirectional 
low impedance when control 
input 
1 is "low" 


and control 
input 2 is "high". 


(B) 
An open circuit when control 
input 
1 is "high" 
and control 
input 2 is "low". 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
-Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vdc 


Vin==VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
= OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO 
= 4.5 or 0.5 Vdc) 
5.0 
- 
1:5 
- 
2.25 
1.5 
- 
1.5 


(VO 
= 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.50r 
13.5Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
± 0, 1 
- 
±0.00001 
±0.1 
- 
± 1.0 
.uAdc 


Input Current 
(CLlCP 
Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
± 0.3 
- 
± 1.0 
.uAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin ==OJ 


Quiescent Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
150 
.uAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0,015 
20 
- 
600 


Quiescent Current 
lCLlCP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
.uAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0,015 
80 
- 
600 


Total Supply Current··t 
IT 
5.0 
IT = (1.3 "A/kHz) 
f + 100 
.uAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = (2.6 "A/kHz) 
f + 100 
Per Package) 
15 
IT = (3.9 "A/kHz) 
f + IDO 


(CL ==50 pF on all outputs, all 
buffers switching) 


"Tlow 
== -55°C 
for AL Oevice. -40oC 
for CLlCP 
Oevice. 


Thigh 
== +1250C 
for AL Oevice, +850C 
for CLlCP 
Oevice . 


.uNoise immunity 
spel:ified for worst-case input combination. 


Noise Margin for both"'" 
and "0" 
level 
== 1.0 Vdc min @ VOO 
== 5.0 Vdc 


2.0 Vdc min @ VOO 
= 10 Vdc 


2.5 Vdc min@ 
VOO 
'" 15 Vdc 


tTo 
calculate total supply current at loads other than 50 pF: 


'T(eLI 
" ITI50 pFI + 1 x 10-3 ICL -501 VOOI 


where: 
IT is in JlA (per package), CL in pF, VOO 
in Vdc, and f in kHz is input frequency. 
""The 
formulas given are for the typical characteristics only at 25°C. 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained 
to the range VSS " 
(Vin or Vout) 


';;VOO· 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either VSS or VOO). 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 
tTLH = 13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 
tTLH= 
11.5 ns/pF) CL + 15ns 
10 
- 
90 
180 


tTLH; 
11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL; 
11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL; 
10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


TTHL; 
10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH 
ns 


tPLH. tPHL; 
11.7 ns/pFI CL + 220 ns 
tPHL 
5.0 
- 
300 
600 


tPLH. tpHL; 
10.66 ns/pFI CL + 77 ns 
10 
- 
110 
220 


tPLH. tPHL = 10.5 ns/pF) CL + 55 ns 
15 
- 
80 
160 


Clock Pulse Width 
twH 
5.0 
200 
100 
- 
ns 


10 
120 
60 
- 


15 
80 
40 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
5.0 
2.5 
MHz 


10 
- 
8.3 
4.2 


15 
- 
12 
6.0 


Clock Pulse Rise and Fall Time# 
tTLH 
5.0 
- 
- 
15 
'" 
tTHL 
10 
- 
- 
15 


15 
- 
- 
15 


Setup Time 
'su 
5.0 
0 
-50 
ns 


10 
0 
-15 
- 


15 
0 
-8.0 
- 


Hold Time 
th 
5.0 
180 
75 
- 
ns 


10 
90 
25 
- 


15 
75 
20 
- 


*The formula given is for the typical characteristics only at 2SoC. 
#When shift register sections are cascaded, the maximum 
rise and fall times of the clock input should be equal to or lessthan the rise and 


fall times of the data outpUts driving data inputs, plus the propagation 
delay of the output driving stage for the output 
capacitance load. 


4-$tage 
Output 
04,08, 
013,017 


@ MOTOROLA 


The MC14007UB multi-purpose device consists of three N-ehannel 


and three P-channel enhancement mode devices packaged to provide 


access 
to 
each 
device. 
These 
versatile 
parts 
are 
useful 
in 
inverter 


circuits, pulse-shapers, linear amplifiers, high input impedance ampli- 
fiers, threshold detectors, transmission gating, and functional 
gating_ 


• 
Quiescent Current = 0_5nA/package typical 
@ 5 Vdc 
• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3_0Vdc to 18 Vdc 


• 
Single Supply Operation = Positive or Negative 
• 
Symmetrical Output 
Impedance - 200 ohms typical @ 10 Vdc 
• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


• 
Pin-far-Pin Replacement for CD4007A or CD4007UB 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0_5 to VDD + 0_5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 
CL/CP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


INPUT 
OUTPUT CONDITION 


1 
A '" C, B = Open 
o 
A 
:c:: 
B, C = Open 


Substrates 
of P-channel 
devices 
internally 
connected 


to VOO; 
substrates 
of N-channel 
devices 
internally 


connected 
to VSS' 


MC14007UB 


DUAL COMPLEMENTARY 
PAIR 
PLUS INVERTER 


dIIlIIII9t..- 
J~U~ 
..rmnij~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


_o,,,m'11sUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


14 
13 
2 
1 
11 
t~ 


Voo 
Tlow. 
25°C 
Thigh- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Ou tpu t Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
I "0" 
Level 
VIL 
Vdc 


(VO = 4.51 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 


(VO = 9.01 
10 
- 
2.0 
- 
4.50 
2.0 
- 
2.0 


IVO = 13.51 
15 
- 
2.5 
- 
6.75 
2.5 
- 
2.5 


j"l" 
Level 
VIH 


(VO = 0.51 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 
Vdc 
(VO = 1.01 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 


(VO=1.51 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Drive Current 
fAL Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-5.0 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-1.0 
- 
-0.36 
- 


IVOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.5 
- 
-0.9 
- 
(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-10 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
1.0 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.5 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
10 
- 
2.4 
- 


Output 
Drive 
Current 
(CUep 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-5.0 
-- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-1.0 
- 
-0.36 
-- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.5 
- 
-0.9 
"0" 
(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-10 
- 
-2.4 
- 


IVOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
1.0 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.5 
0.9 
- 


(VOL = '.5 
Vdcl 
15 
3.6 
- 
3.0 
10 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
,0.1 
, 0.00001 
to.l 
± 1.0 
,uAdc 


Input 
Current 
(CLlCP 
Devicel 
lin 
15 
- 
±O3 
- 
!O.OOOOI 
'03 
- 
1. 1.0 
.uAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin" 
01 


Quiescent Current (AL Devicel 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
!JAde 


(Per 
Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


Quiescent 
Current 
(CLlep 
Devlcel 
'00 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
,/JAde 


(Per 
Packagel 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 


15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total Supply Current- *t 
IT 
5.0 
IT = 10.7 !'A/kHzl 
f + 100/6 
j.l.Adc 


(Dynamic plus Quiescent. Per Gate) 
10 
IT = (1.4 !,A/kHz) 
f + 100/6 


(CL = 50 pFI 
15 
'T = (2.2 !'A/kHz) 
f + 100/6 


°T10W'" 
-5S0C 
for AL 
DeVice, -40°C 
for 
CL!CP 
Device 


Thigh'" 
+ 12SoC for AL 
Oevice, +8SoC for CLlCP 
Oevice 
tTo 
calculate 
total 
supply 
current 
at loads other than 50 pF 


IT(CL) 
'" IT(50 
pFl 
+ 3 X 10-3(CL 
- 50lVOOf 


•• The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 


250C. 


#Noise 
immunity 
specified 
for 
worst-case 
input 
combination. 
Noise Margin for both "1" 
and "0" 
level '" 


0.5 Vdc min@ 
VOO 
= 5.0 Vdc 
1.0 Vdc min@ 
VOO '" 10 Vdc 
1.0 Vdc min@ 
VOO '" 15 Vdc 


Voo 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= (1.2 ns/pF) CL + 30 ns 
5.0 
- 
90 
180 
tTLH' 
10.5 ns/pFI 
CL + 20 ns 
10 
- 
45 
90 
tTLH' 
10.4 ns/pFI 
CL + 15 ns 
15 
- 
35 
70 


Output 
Fall 
Time 
tTHL 
ns 
tTHL. 
11.2 ns/pFI 
CL + 15ns 
5.0 
- 
75 
150 
tTHL' 
10.5 ns/pFJ 
CL + 15 ns 
10 
- 
40 
80 
tTHL' 
10.4 ns/pFI 
CL + 10 ns 
15 
- 
30 
60 


Turn-Off Delay Time 
tPLH 
ns 
tPLH • 11.5 ns/pFI 
CL + 35 ns 
5.0 
- 
60 
125 


'PLH' 
10.2 ns/pFI 
CL + 20 ns 
10 
- 
30 
75 
tPLH' 
10.15 ns/pFI 
CL + 17.5 ns 
15 
- 
25 
55 


Turn-On Delay Time 
tPHL 
ns 
tPHL' 
11.0 ns/pFI 
CL + 10 ns 
5.0 
- 
60 
125 
'PHL' 
10.3 ns/pFI 
CL + 15 ns 
10 
- 
30 
75 
tPHL' 
10.2 ns/pFI 
CL + 15 ns 
15 
- 
25 
55 


:g -4.0 
'".5 


~ 
-8.0 
~~" 
uz 
-12 
~ 


~ 
·16 


a TA:: -55°C 
b TA:: 
+250C 


C TA 
'" +1250C 


- 


~ 


~ 
YGS' "5 Vde 


1/ 
e J..- 
I Ii,f 
/' 
'!Vde 


/r 
#- 
j - 
'j, 
b 
~ 
If V 
a TA::: -55°C 


'/ 


b TA"+2SoC 
- 
eTA::: 
+1250C 


l 


, 
bts.o Vde 
/Il 
...-:: 


e 
I 
,. 


::1 
16 
'".5 


!Z 
12 
~~" 
uz 
8.0 
~ 


~ 
4.0 


APPL ICA TlONS 


The MC14007UB dual pair plus inverter, which has 
accessto all its elements offers a number of unique circuit 
applications. Figures 1, 5, and 6 are a few examples of 
the device flexibility. 


FIGURE 5 - 3·STATE BUFFER 


+voo 


Disable 3~~r 
J:. 


Input "~~,, 


Output 


]: 


Disable so--J17 


INPUT 
DISABLE 
OUTPUT 


1 
0 
0 
0 
0 
1 


X 
1 
Open 


The MC14008B 4·bit 
full 
adder is constructed with 
MOS p. 


channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single 
mono- 


lithic 
structure. This device consists of four full adders with fast 


internal look-ahead carry output. It is useful in binary addition and 
other arithmetic applications.The fast parallel carry output bit allows 
high-speedoperation when usedwith other ]dders in a system. 


• 
Look-Ahead Carry Output 


• 
High·Speed Operation - 
160 ns typical from Sumin to Sumout 


• 
Quiescent Current - 
5.0 nA/package typ'cal @ 5 Vdc 


• 
Diode Protection on All Inputs 


• 
All Outputs Buffered 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vd,; 


• 
Capable of Driving Two Low-power TTL Loads,One Low-power 
Schottky TTL Load or Two HTL LoadsOver the Rated Temper· 
ature 
Range 


• 
Pin-far-Pin Replacementfor CD4008B 


R.:tting 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-05 
to +18 
Vdc 


Inpul 
Voltage, 
All 
Inputs 
V,n 
-0.5 to VOD 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL 
Device 
TA 
-55 
to +125 
°c 
CLlCP 
DevIce 
-40 
to +85 


Storage 
Temperature 
Range 
T S19 
-65 to +150 
°c 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;:e::;:t::Ck.ge 


L P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


Gin 
B 
A 
Cout 
S 


a 
a 
a 
a 
a 


a 
a 
1 
a 
1 
a 
1 
a 
a 
1 
a 
, 
1 
1 
a 


1 
a 
a 
a 
1 
1 
a 
1 
1 
a 
, 
1 
a 
1 
a 
, 
1 
1 
1 
1 


This device contains circuitry to protect 
the 
inputs 
against 
damage 
due 
to 
high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than 
maximum rated voltages to 
this high impedance circuit. 
For proper 
operation it is recomlTlendedthat V in and 
Vout be constrained to the range Vss '" 
(Vin or Vout) '" VDD' 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool. 


Voo 
T10w . 
250C 
Thi 
h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
~in 
TVp 
Max 
Min 
Max 
Unit 


Ou tpu 
1 Vol 
tage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
Vdc 


V,n 
o or VOO 
10 
9.95 
- 
9.95 
10 
9.95 


15 
14.95 
- 
14.95 
15 
- 
14.95 


Input Voltage;'; 
"0" Level 
Vil 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO - 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
Vdc 


{VO . 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO.e 
1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Devicel 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
. 
50 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-025 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-035 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


{VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


{VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUe? 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
SInk 
IOl 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 


Input Current 
(AL Devicel 
lin 
15 
- 
! 01 
- 
:to.OOOOl 
±O.l 
- 
~ 1.0 
,uAdc 


Input 
Current 
(CUep 
Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
±0.3 
- 
1. 1.0 
j.lAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
pF 


(Vin = 01 


Quiescent 
Current 
(AL 
Devlcel 
100 
50 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IJAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.Q15 
20 
- 
600 


QUiescent 
Current (CUe? 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.Q15 
80 
- 
600 


Total Supply Current--t 
IT 
5.0 
IT = \1.7 
IJA/kHz) 
f + 'DO 
,uAdc 


(DynamIC 
plus Ouiescent, 
10 
IT = (3.4 ~A/kHzl 
f + 100 
Per Package) 
15 
IT = (5.0 ~A/kHzl 
f + 100 


(Cl 
50 pF on all outputs, all 


buffers sWitching) 


lOTlow;; -55°C 
for AL Oevice. -400C 
for CLlCP 
Device. 


Thigh;; 
+1250C 
for AL Device, +8SoC for CLlCP 
Device. 
#Noise immunity 
specified for worst·case input combination. 


Noise Margin for both "'" 
and "0" level"" 1.0 Vdc min@ 
VDD 
""5.0 Vdc 


2.0 Vdc min @ VOD 
""10 Vdc 


2.5 Vdc min@ 
VOO 
""'5 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


IT(Cll 
= IT(50 pF) + 5 x 10-3 (Cl -501 VOO' 


where: 
IT is in IlA (per package), CL in pF. VDD 
in Vdc. and f in kHz is input frequency. 
- -The 
formulas given are for the typical characteristics only at 2SoC. 


Voo 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output Rise Time, 
tTLH 
ns 
tTLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output Fall Time. 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL = 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tpLH. 
tPHL 
ns 
Sum In to Sum Out 
tPLH. tPHL = 11.7 ns/pF) CL + 315 ns 
5.0 
- 
400 
HOO 


tPLH. tPHL = 10.66 ns/pFI CL + 127 ns 
10 
- 
160 
320 
tpLH. 
tpHL 
= 10.5 ns/pFI CL + 90 ns 
15 
- 
115 
230 


Sum In to Carry Out 


tpLH. 
tPHL = 11.7 ns/pFI CL + 220 ns 
5.0 
- 
305 
610 


tpLH. 
tpHL 
= 10.66 ns/pFI CL + 112 ns 
10 
- 
145 
290 
tpLH. 
tpHL 
= 10.5 ns/pFI CL + 85 ns 
15 
- 
110 
220 


Carry 
In to Sum 
Out 
tpLH. tPHL 
= 11.7 ns/pFI CL + 290 ns 
5.0 
- 
375 
750 
tpLH. 
tPHL = 10.66 ns/pFI CL + 122 ns 
10 
- 
155 
310 
tPLH. tpHL 
= (0.5 ns/pFI CL + 90 ns 
15 
- 
115 
230 


Carry 
In to Carry 
Out 
tpLH. 
tPHL = 11.7 ns/pFI CL + 85 ns 
5.0 
- 
170 
340 
tpLH. 
tpHL 
= 10.66 ns/pFI CL + 42 ns 
10 
- 
75 
150 


tPLH. tPHL = 10.5 ns/pFI CL + 30 ns 
15 
- 
55 
110 


VDD 


16 


94 


54 


A4 


63 


A3 
53 


62 


52 
A2 


61 


A1 
51 


Gin 


Calculation 
of 16-bit adder speed: 


tp total ~ tp (Sum to Carry) 
+ tp (Carry to Sum) + 2 tp (Carry to Carry) 


Typically. 
the overall 16-bit adder speed at 10 V is: 


tp total = 115 + 125 + 90 = 330 ns typ 


Circuit 
diagrams utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications, 
consequently. 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily given. 
The information 
has been carefully 
checked and 


is believed 
to 
be entirely 
reliable. 
However, 
no responsibility 
is 
assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 


convey 
to the purchaser of the semiconductor 
devices described any 
license under the patent rights of Motorola 
Inc. or others. 


@ MOTOROLA 


The MC14011Band 
MC14011UB are constructed with 
P and N 


channel 
enhancement 
mode 
devices 
in a single 
monolithic 
structure 
(Complementary 
MOSI. Their 
primary 
use is where low power 


dissipation 
and/or 
high 
noise 
immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typ 


• 
Supply Voltage Range= 3.0 Vdc to 1B Vdc 


• 
All Outputs Buffered IMC14011 B only) 


• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range. IMC14011 B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin-far-Pin Replacementsfor CD4011 Band CD4011UB 


Rawlg 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
05 
to 
+ 18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0510 
VOO 
·05 
Vdc 


DC Current 
Ora." per Pin 
I 
10 
mAde 


Operating 
Temperature 
Ranqe 
A L DeVice 
TA 
-5510 
of 125 
°c 


CLCP 
DeVice 
-40 to +85 


SlOfc:lge 
Temperature 
Range 
T stg 
-65 
to 
+ 150 
°c 


See the MC14001B data sheet for complete characteristics of the 


B-Series 
device. 
See the MC14001UB data sheet for complete characteristics for the 
UB device. 


MC14011B 


MC14011UB 


""ffffm ..• 


L SUFF IX 


CE RAMie 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


."." 'fp::':'",.,.:~:'::.." 


or UB, 
i 
P 
Plastic 
Package 


as applicable 
- 
A 
Extended 
Operating 
Temperature 
Range 
L- 
C 
Limited 
Operating 
Temperature 
Range 


This deVice 
contains 
Ctrcuitry 
to prOtect 
the inputs 
against 
damage due 


to high 
static 
Voltages 
or electric 
fields, 
however, 
It is advtsed that 
nor- 


mal precautions 
be taken to avoid application 
of any voltage 
higher 
than 


maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin 
and 
Vout 
be conStrained 
to the 


range VSS ~ 
(Vin 
or Vout) 
~ 
VOO· 


Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic voltage 
level 
(e.g., either 
VSS or VOO)· 


@ MOTOROLA 


The MC14012B 
and MC14012UB 
are constructed 
with 
P and N 
channel 
enhancement 
mode 
devices 
in a single 
monolithic 
structure 


(Complementary 
MOS). Their 
primary 
use is where 
low power 


dissipation and/or high noise immunity 
is desired. 


• 
Ouiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 1B Vdc 


• 
All Outputs Buffered (MC14012B only) 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. (MC14012B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin-far-Pin Replacements for CD4012B and CD4012UB 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
05 
to .•18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-05 
to VOl) 
·05 
Vdc 


DC Current 
Drain 
per 
PIn 
I 
'0 
mAde 


Operating 
Temperature 
Ranqe 
AL 
De .•.•lce 
TA 
-5510 
-+ 125 
°c 
CL 'CP Device 
-40 to +85 


Storage 
Temperature 
Range 
T stg 
-65 to +150 
°c 


See the MC14001 B data sheet for complete characteristics of the 
B-Seriesdevice. 
See the MC14001UB data sheet for complete characteristics for the 
UB device. 


MC14012B 
MC14012UB 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXJ'1~':',,,'::'.::._ 


or US as 
P 
Plastic 
Package 


applicable 
A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 
~P-' 


1~~ 
13 


11 


12 


Von 
= Pin 
14 


VSS=Pln7 


This device contains 
circuitry 
to protect 
the inputs 
against damage due 
to high static 
vOltages or electric 
fields, 
however, 
it is advised that nor· 


mal precautions 
be taken to avoid application 
of any voltage 
higher than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit 
For 
proper 


operation 
it is recommended 
that 
Vin 
and Vout 
be constrained 
to the 
range VSS ~ 
(Vin 
or Voutl 
~ 
VOO' 


Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage 
level 


(eg,. 
either 
VSS or Vool. 


@ MOTOROLA 


The MC14013B dual type 0 flip-flop 
is constructed with MOS 


P-channel 
and 
N-channel 
enhancement 
mode 
devices 
in 
a 
single 


monolithic 
structure. 
Each flip-flop 
has independent Data, (01, 


Direct Set, (51, Direct Reset, (RI. and Clock (CI inputs and comple- 
mentary outputs (Q and 0). Thesedevicesmay be used asshift regis- 
ter elements or as type T flip-flops for counter and toggle applica- 


tions. 


• 
Static Operation 


• 
Quiescent Current = 2.0 nA/package typical @ 5 Vdc 


• 
Noise Immunity = 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation 


• 
Toggle Rate = 4 MHz typical 
@ 
5 Vdc 


• 
Logic Edge-Clocked Flip-Flop Design 
Logic state is retained indefinitely 
with clock level either high or 


low; 
information 
is transferred 
to the output 
only 
on the positive- 


going edgeof the clock pulse 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 


ature 
Range 


• 
Pin-far-Pin Replacement for CD4013B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-05to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V," 
-05 
to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
DeVice 
TA 
-55 
to +125 
°c 
CLlCP 
DeVIce 
-40 
to +85 


Storage 
Temperature 
Range 
TSt9 
~65 to +150 
°c 


INPUTS 
OUTPUTS 


CLOCK' 
DATA 
RESET 
SET 
Q 
a 
--..r- 
0 
0 
0 
0 
1 
~ 
1 
0 
0 
1 
0 
'-- 
x 
0 
0 
Q 
Q 


X 
X 
1 
0 
0 
1 


X 
X 
0 
1 
1 
0 


X 
X 
1 
1 
1 
1 


MC140138 


L SUFFIX 
P SUFFIX 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
632 
CASE 
646 


MC14XXXB 
~SU~fiXce=:i:t::Ckage 


L. P 
PlastIC Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 


0 
Q 


C 
Q 
A 


4 


0 
Q 
13 


" 
c 
Q 
12 
A 


10 


VOO 
'=' Pin 14 


VSS = Pin 7 


Voo 
Tlow. 
25°C 
Thi 
h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Vollage 
"0" Level 
VOL 
5.0 
0.05 
0 
0.05 
- 
0.05 
Vdc 


V,n 
Vao 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
4.95 
Vdc 


V,n 
Oar 
Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
~- 


15 
14.95 
- 
14.95 
15 
14.95 
- 


Input 
Voltage':': 
"0" Level 
Vil 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdd 
10 
3.0 
4.50 
3.0 
- 
3.0 


(VO 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 


(VO 
0.5 or 4.5 Vdcl 
5.0 
3.5 
35 
2.75 
- 
3.5 
- 
Vdc 
(VO ~ 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
- 15 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
IOH 
mAde 


(VOH 
2.5 Vdcl 
Source 
50 
-1.2 
- 
-1.0 
-1.7 
- 
~O.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.25 
- 
~0.2 
~0.36 
- 
~0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
~0.5 
-0.9 
- 
~0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
~1.5 
~3.5 
- 
~1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUe? 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
~0.8 
-1.7 
-0.6 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
~O16 
-0.36 
- 
~0.12 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
~0.3 


(VOH = 13.5 Vdcl 
15 
~1.4 
- 
~1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOl 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 


Inpul 
Current 
IAL 
Device) 
'in 
15 
- 
±O 
1 
'000001 
.±O 
1 
- 
• 10 
/JAde 


Input 
Current 
(CUe? 
DeVice) 
lin 
15 
,03 
'000001 
'03 
- 
! 10 
/JAde 


Input 
Capacitance 
Con 
- 
- 
- 
50 
7.5 
- 
of 


(V in 
01 


Quiescent 
Current 
(AL 
DeVice) 
100 
5.0 
- 
1.0 
0.002 
1.0 
- 
30 
j..lAdc 


(Per 
Package) 
10 
2.0 
0.004 
2.0 
- 
60 
15 
4.0 
0.006 
4.0 
120 


QUiescent 
Current 
(CLle? DeVIce) 
100 
50 
- 
4.0 
0.002 
4.0 
- 
30 
IJAdc 


(Per 
Package) 
10 
- 
8.0 
0.004 
8.0 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT 
(0.75 "A/kHzl 
f + 100 
,l.lAdc 


(DynamiC 
plus 
QUiescent, 
10 
IT 
(1.5 
,uA/kHl) 
I ,. 100 
Per Packagel 
15 
IT 
(2.3 
IJA/kHll 
f 
t 
100 


(Cl 
50 
pF 
on all 
outputs, 
all 


buffers 
sWltchmg) 


"Tlow 
-550C 
for AL 
DeVIce, 
-400C 
for Cl/CP 
Device. 


Thigh 
t 12SoC 
for 
AL 
Device, 
t8S0C 
for CL!CP 
Oevlce . 


.:..:Nolse Immunity 
specified 
for WOrst-case 
Input 
combinatIon 


NOIse Margm 
for both 
"'" 
and "0" level 
~ '.0 
Vdc 
min@ 
VOO 


2.0 
Vdc 
mln@ 
VOO 


2.S Vdc 
min 
@ VOO 


tTo 
calculate 
total 
supply 
current 
at loads other 
than 
SO pF: 


ITlell 
IT(50 pF) + 2 x 1O~3(Cl -501 VOOI 


where 
IT 
IS in IJA (per 
package), 
CL 
in pF, 
VOO 
In Vdc, 
and 
f In kHz 
IS input 
frequency. 


""The 
formulas 
given 
are for the 
typicat 
characteristics 
only 
al 2SoC 


5.0 
Vdc 


10 Vdc 
'5 Vdc 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields; 
however, 
it is ad· 


vised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
im- 


pedance 
circuit. 
For 
proper 
operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range 
VSS 
< 
(Vin 
or 
Vout) 
•• VOO· 


Unused 
inputs 
must 
alwavs 
be tied 
to an appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS 
or VOOI. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH= 
(1.5ns/pFI 
CL + 15ns 
10 
- 
90 
180 
tTLH= 
11.1 ns/pFI CL + 10ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 
tTHL= 
11.5ns/pFI 
CL +25ns 
5.0 
- 
100 
200 
tTHL= 
10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


tTHL= 
10.55 ns/pFI CL + 12.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH 
ns 


Clock to Q 
tpHL 


tpLH. 
tPHL = 11.7 ns/pFI CL + 90 ns 
5.0 
- 
175 
350 


tpLH. 
tPHL = 10.66 ns/pFI CL + 42 ns 
10 
- 
75 
150 


tPLH. tpHL = 10.5 ns/pFI CL + 25 ns 
15 
- 
50 
100 
Set to Q 
tPLH. tPHL = 11.7 ns/pF) CL + 90 ns 
5.0 
- 
175 
350 


tPLH. tPHL = (0.66 ns/pFJ CL + 42 ns 
10 
- 
75 
150 


tPLH. tPHL = (0.5 ns/pFI CL + 25 ns 
15 
- 
50 
100 
Reset to Q 


tPLH. tPHL = 11.7 ns/pFI CL + 265 ns 
5.0 
- 
350 
450 


tPLH. tPHL = (0.66 ns/pFI CL + 67 ns 
10 
- 
100 
200 
tpLH.tPHL 
= 1O.5ns/pF) CL +50ns 
15 
- 
75 
150 


Setup Times 
tsu 
5.0 
40 
20 
- 
ns 


10 
20 
10 
- 


15 
15 
7.5 
- 


Hold Times 
th 
5.0 
40 
20 
- 
ns 


10 
20 
10 
- 


15 
15 
7.5 
- 


Clock Pulse Width 
tWL.tWH 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 


15 
70 
35 
- 


Clock Pulse Frequency 
tel 
5.0 
- 
4.0 
2.0 
MHz 


10 
- 
10 
5.0 


15 
- 
14 
7.0 


Clock Pulse Rise and Fall Time 
tTLH 
5.0 
- 
- 
15 
~s 


I 


tTHL 
10 
- 
- 
5.0 
15 
- 
- 
4.0 


I Set and Reset Pulse Width 
tWL.tWH 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 


i 
15 
70 
35 
- 


c 
c 


c~ 


o~ 
c 
i5 


Clock 


® MOTOROLA 


The MC14014B and MC14021B B-bit static shift 
registers are 
constructed with MOS P-channel and N-channel enhancement mode 
devices in a single monolithic 
structure. 
These shift registers find 


primary 
use 
in 
parallel-ta-serial 
data 
conversion, 
synchronous 
and 
asynchronous parallel input, serial output data queueing; and other 
general purpose register applications requiring 
low power and/or 
high noise immunity. 


• 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 


• 
Synchronous Parallel Input/Serial Output (MC14014B) 


• 
Asynchronous Parallel Input/Serial Output (MC14021B) 


• 
Synchronous Serial Input/Serial Output 


• 
Full Static Operation from DC to 7.0 MHz 


• 
"Q" Outputs from Sixth, Seventh, and Eighth Stages 


• 
Oouble Diode Input Protection 


• 
Supply Voltage Range= 3.0 Vdc to lB Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load to Two HTL Loads Over the Rated Temper- 
ature Range. 


• 
MC14014B Pin-for-Pin Replacement for CD4014B 


• 
MC14021B Pin-for-Pin Replacement for CD4021B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-05 
to +18 
Vdc 


Inpul 
Voltage. 
All 
Inputs 
V," 
-05 
to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operatmg 
Temperature 
Range 
- 
AL 
DevIce 
TA 
-55 
to 
+ 125 
°c 


CLlCP 
DevIce 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


MC140148 
MC140218 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC,4XXXB ~SU~f'Xce::;:t::Ckage 


L P 
Plastic 
Package 
A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


TRUTH 
TABLE 


SERIAL 
OPERATION: 


06 
07 
08 


t 
CLOCK 
Os 
PIS 
t= 0+6 
t:: 0+7 
t= 0+8 


n 
-r- 
0 
0 
0 
? 
? 


n+ 1 -r- , 
0 
1 
0 
? 


n+2 
~ 
0 
0 
0 
, 
0 
n+3 
~ 
t 
0 
, 
0 
, 


"'- 


X 
0 
Q6 
Q7 
QB 


PARALLEL OPERATION: 


CLOCK 
<OM 
Os 
PIS 
OM 
MC140148 
MC14021B 


~I 
X 
X 
1 
0 
0 
~I 
X 
X 
1 
1 
1 


·06, 
07. 
& 08 
are available externally 


X 
•• Don't 
Care 


Voo 
Tlow. 
25°C 
Thi 
h· 
Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
=VOOorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
4.95 
- 
Vdc 


Vin= 
Oor 
Voo 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 
1VO c 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va 09.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1VO 013.5 
or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(Va 0 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
.- 
Vdc 


1VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
1VO 01.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 
(VOH 0 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
c1.7 
- 
cO.7 
- 


(VOH 04.6 Vdc) 
5.0 
-0.25 
- 
cO.2 
cO.36 
- 
cO.14 
- 


(VOH 09.5 Vdc) 
10 
-0.62 
- 
cO.5 
-0.9 
- 
-0.35 
- 


(VOH 0 13.5 Vdc) 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
1VOL 0 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 0 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
DeVice) 
IOH 
mAde 
{VOH 0 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


{VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


1VOH 0 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 


1VOH 013.5 
Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


{VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 0 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 0 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
lAL 
Device) 
lin 
15 
- 
±01 
- 
±OOOOOI 
±0.1 
- 
:t 1.0 
j.JAdc 


Input Current 
(CLlCP 
DeVice) 
lin 
15 
- 
± 0.3 
- 
±O.DODOl 
±0.3 
- 
±1.0 
/JAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
50 
7.5 
- 
pF 


(Vin 
""0) 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
50 
- 
0.005 
50 
- 
150 
.'JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
}.JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT 
10.75 ~A/kHz) 
f 
• 100 
}JAde 


{Dynamic 
plus 
Quiescent, 
10 
IT 
(1.50 ~A/kHz) 
f + 100 


Per 
Package) 
15 
'T = 12.25 ~A/kHz) 
f + 100 


(CL"" 
50 pF 
on all outputs, 
all 


buffers 
switching) 


-Tlow 
=- -55°C 
for 
AL 
Device, 
-40oC 
for CLlCP 
Device. 


Thigh 
= +1250C 
for 
AL 
Device, 
+850C 
for CLlCP 
Device. 


#Noise 
immunIty 
specified 
for worst-case 
Input 
combination. 


NOIse 
Margin 
for 
both 
"1" and "0" level'" 
1.0 Vdc 
min 
@ VOO 
"" 5.0 Vdc 


2.0 
Vdc 
min@ 
VOO 
- 
10 Vdc 


2.5 
Vdc 
min@ 
VOO 
= 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF 


ITICL): 
ITI50 pF) + 1.5 x 10-3 ICL -50) VOOI 


where: 
IT 
is in ~A 
(per 
package), 
CL 
In pF, 
VOO 
in Vdc, 
and 
f in kHz 
is input 
frequency. 


- -The 
formulas 
given 
are for 
the 
typical 
characteristics 
cnly 
at 25°C. 


This 
device 
contains 
cirCUitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to 
high 


static 
voltages 
or 
electric 
fields; 
however, 


it 
is advised 
that 
normal 
precautions 
be 


taken 
to 
avoid 
application 
of 
any 
voltage 


higher 
than 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For 
proper 


operation 
it 
is recommended 
that 
Vin 
and 


Vout 
be 
constrained 
to 
the 
range 
VSS 
" 


(Vin 
or Vout) 
" 
VOO' 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 


appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS or VOOI. 


• 


Characteristic 
Symbol 
VOO 
Min 
TVp 
Max 
Unit 


Vde 


Output 
Rise Time 
'TLH 
ns 
'TLH; 
13.0 ns/pF I CL + 30 ns 
5.0 
- 
180 
360 
'TLH; 
11.5 ns/pFI 
CL + 15 ns 
10 
- 
90 
180 
'TLH" 
11.1 ns/pFI 
CL + 10ns 
15 
- 
65 
130 


Output 
Fall Time 
'THL 
ns 
'THL" 
11.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 
'THL = 10.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 
'THL" 
10.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time (Clock to Q, PIS 
to Q) 
'PLH. 
ns 
'PHL. 
'PLH 
;11.7 
ns/pFI 
CL + 315 ns 
'PHL 
5.0 
- 
400 
800 


'PHL. 
'PLH = 10.66 ns/pF) 
CL + 137 ns 
10 
- 
170 
340 
tpHL. 'PLH 
= 10.5 ns/pFI 
CL + 90 ns 
15 
- 
115 
230 


Clock Pulse Width 
'WH 
5.0 
400 
150 
ns 


10 
175 
75 
- 


15 
135 
40 
- 


Clock Frequency 
tel 
5.0 
1.5 
3.0 
- 
MHz 


10 
3.0 
6.0 
- 


15 
4.0 
8.0 
- 


Parallel/Serial 
Control 
Pulse Width 
tWH 
5.0 
400 
150 
- 
ns 


10 
175 
75 
- 


15 
135 
40 
- 


Setup Time 
'su 
5.0 
350 
150 
- 
ns 


10 
80 
50 
- 


15 
60 
30 
- 


Input Clock Rise Time 
'rlell 
5.0 
- 
- 
15 
~s 


10 
- 
- 
15 


15 
- 
- 
15 


oat.~~/ 


Pulse 
Generator 
, 


I 
I 
I 
I 
1 
I 
I 
I 
I 


Vss 
SW 2 I 


I 
: 
L 
~ 


The MC14015B dual 4-bit static shift register is constructed with 


MaS P-channel and N-channel enhancement mode devices in a single 
monolithic 
structure. 
It 
consists of 
two 
identical, 
independent 
4-state serial-input/parallel-output 
registers_Each register has inde- 
pendent Clock and Reset inputs with a single serial Data input. The 
register states are type D master-slaveflip-flops. Data is shifted from 
one stageto the next during the positive-going clock transition. Each 
register can be cleared when a high level is applied on the Reset line. 
There complementary MaS shift registers find primary use in buffer 
storage and serial-to-parallel conversion where low power dissipation 
and/or noise immunity 
is desired. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range~ 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation - Positive or Negative 


• 
High Fanout - > 50 


• 
Input Impedance = 1012 ohms typical 


• 
Low Input Capacitance - 
5.0 pF typical 


• 
Logic Swing Independent of Fanout 


• 
Toggle Rate = 6.0 MHz @ 10 Vdc 


• 
Logic Edge-Clocked Flip-Flop Design- 
Logic state is retained indefinitely 
with clock level either high or 
low; information 
is transferred to the output only on the positive 
going edgeof the clock pulse. 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 


ature 
Range. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
VOltage 
VOO 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
InpulS 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drarn 
per 
Pin 
I 
'0 
mAde 


Operating 
Temperature 
Range 
AL Device 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T stg 
-65 
to +150 
°c 


0 
Qn 
On-+ 1 


0 
0 
0 


0 
, 
0 
1 
0 
1 


1 
, 
, 
6TIJ 


Q 


o 
a 


1 
0 


DUAL 
4-BIT STATIC 
SHIFT 
REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC,4XXXB ~SU~f;:e::;:t::Ck.ge 


t=. P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 


QO 
0 
Q, 


02 


9 
C 
R 
03 
'0 


00 
'3 


15 
0 
01 
'2 


02 
11 
C 
R Q3 


'4 


VOD" 
Pin 16 
VSS = Pin 8 


Voo 
Tlow· 
25°C 
Thi h+ 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
TVp 
Ma. 
Min 
Ma. 
Unit 


Output 
Vollage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V," 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage'c 
"0" Level 
V,L 
Vdc 


(Va'" 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO - 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V,H 


(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 15 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
DeVice) 
10H 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


1VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
! a 1 
- 
!0.00001 
!0.1 
- 
! 1.0 
J-lAdc 


Input Current 
ICLlCP 
Device) 
lin 
15 
- 
! 0.3 
- 
!OOOOOI 
±O.3 
- 
! 1.0 
/-lAde 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(V in = 01 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.006 
50 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.Q15 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J-lAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.Q15 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT - 
(1.2 "A/kHzI 
f + 100 
,uAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = 
(2.4 
/-lA/kHz) 
f + 100 


Per 
Package) 
15 
IT = 
(3.6 "A/kHzI 
, + 100 


ICL 
"" 50 
pF on all outputs, 
all 


buffers 
switch 109) 


°Tlow 
-55°C 
for 
AL 
DeVice. 
-40oC 
fOf CLlCP 
DeVice. 


ThIgh::: 
-+125°C 
for 
AL 
DeVice. 
-+850C for CLlCP 
DeVIce. 


""Noise Immunity 
specified 
for worst·case 
Input 
combination 


NOise Margin 
for 
both 
"1" 
and "0" 
level 
1.0 Vdc 
min@ 
VDD 
""5.0 
Vdc 


2.0 
Vdc 
min 
@ VDD 
-= 10 Vdc 
2.5 Vdc 
min@ 
VDD 
-' 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads other 
than 
50 pF 
'T(CLI 
= 'T(50 pFI + 1'> 10-3 (CL -501 VOD' 


where 
IT 
IS in ~A 
(per 
packagel. 
CL In pF. 
VDD 
in Vdc. 
and f 10 kHz 
is Input 
frequency 
. 


• -The 
formulas 
given are for the tYPical 
characteristiCS 
only 
at 25°C. 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields; 
however. 
it is ad- 


vised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
im- 


pedance 
circuit. 
For 
proper 
operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range 
VSS 
~ 
(V in or 
Vout' 


•• VOO· 


Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS or Vaal. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 
tTLH 
~ 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 
tTLH 
~ 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 
tTLH 
~ 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 
t:rHL" 
11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
'THL" 
(0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL" 
10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH, 
ns 


Clock. Data to Q 
tPHL 
tpLH, tPHL" 
11.7 ns/pF) CL + 225 ns 
5.0 
- 
310 
750 


tpLH, tPHL " 10.66 ns/pF) CL + 92 ns 
10 
- 
125 
250 


tPLH, tpHL" 
10.5 ns/pF) CL + 65 ns 
15 
- 
90 
170 
Reset to Q 
tPLH, 
tpHL" 
(1.7 ns/pFI CL + 375 ns 
5.0 
- 
460 
750 
tPLH, tPHL' 
10.66 ns/pFI CL + 147 ns 
10 
- 
180 
250 
tPLH, tPHL" 
lO.5 ns/pFI CL + 95 ns 
15 
- 
120 
170 


Clock Pulse Width 
tWH 
5.0 
- 
185 
400 
ns 
10 
- 
85 
175 
15 
- 
55 
135 


Clock Pulse Frequency 
'ei 
5.0 
- 
2.0 
1.5 
MHz 


10 
- 
6.0 
3.0 
15 
- 
7.5 
3.75 


Clock Pulse Rise and Fall Times 
tTLH, 
tTHL 
5.0 
- 
- 
15 
'" 
10 
- 
- 
15 
15 
- 
- 
15 
Reset Pulse Width 
twH 
5.0 
400 
200 
ns 
10 
160 
80 
- 


15 
120 
60 
- 


Setup Time 
tsu 
5.0 
350 
100 
- 
ns 
10 
100 
50 
- 
15 
75 
40 
- 


CIOCklrVDD 
Input 
50% 


OV 


t.u 


th 


1 
~ 
_ 
Clock 


~t04BIIS 


@ MOTOROLA 


The MC14016B quad bilateral switch is constructed with MOS p. 


channel and N·channel enhancement mode devices in a single mono· 
lithic 
structure. 
Each MC14016B 
cor,sists of 
four 
independent 
switches capable of controlling 
either digital or analog signals. The 
quad bilateral switch is used in signal gating, chopper, modulator, 
demodulator and CMOS logis implementation. 


• 
High On/Off Output Voltage Ratio - 65 dB Typical 


• 
Quiescent Current = 0.5 nA/package typical @ 5 Vdc 


• 
Low Crosstalk Between Switches - 80 dB typical 
@ 1.0 MHz 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Transmits Frequencies Up to 54 MHz @ 5 Vdc 


• 
Linearized 
Transfer 
Characteristics 


• 
Low Noise - 
12nV/v Cycle, f;;;' 1 kHz typical 


• 
Pin·for·Pin Replacement for CD4016B, CD4066B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


Through 
Current 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
A L Device 
TA 
-55 
to +125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T 5t9 
-65 to +150 
°c 


ThiS 
device contains cirCUitry 
to 
protect 
the 
control 
mputs 
agamst 
damage 
due 
to 


high 
static 
voltages 
or electric 
fields; 
however, 
it is advised 
that 
normal 
precautions 
be taken to avoid application 
of any voltage hIgher than maxImum 
rated voltages 


to 
this 
high-impedance 
circuit. 
A destructive 
high-current 
mode 
may 
occur 
If Vin 


and 
Vout 
IS not 
constrained 
to the 
range 
VSS.o; 
(Vin 
or Vout) 
~ 
VOO. 


MC14016B 


QUAD ANALOG SWITCH 
QUAD MULTIPLEXER 


••• 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXB ~SU~fOXce::,:t::Ckage 


L P 
PlastIC Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


13 


contrOll~ 


, 
Out 
1 


In 1 


5 


contrOl2~ 


4 
Out2 


In 2 


Control 
3 
~6 
9 


Out 3 


B 
In 3 


~ 


2 
Control 
4 
10 


11 
Out4 
In 4 


Tlow. 
250e 
Thigh- 
VI)O 
Characteristics 
Figure 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Input Voltage# 
1 
VIL 
5.0 
- 
- 
- 
1.5 
0.9 
- 
- 
Vdc 


Control Input 
10 
- 
- 
- 
1.5 
0.9 
- 
- 


15 
- 
- 
- 
1.5 
0.9 
- 
- 


VIH 
5.0 
- 
- 
3.0 
2.0 
- 
- 
- 
Vdc 


10 
- 
- 
8.0 
6.0 
- 
- 
- 


15 
- 
- 
13 
11 
- 
- 
- 


Input Current (AL Device) Control 
- 
lin 
15 
- 
±O.1 
- 
±0.00001 
±0.1 
- 
±1.0 
,uAdc 


Input Current (CLlCP Device) Control 
- 
lin 
15 
- 
±O.3 
- 
±0.00001 
±0.3 
- 
±1.0 
}JAde 


Input Capacitance 
- 
Cin 
pF 
Control 
-- 
- 
- 
- 
5.0 
- 
- 
- 
Switch Input 
- 
- 
- 
-. 
5.0 
- 
- 
- 


Switch Output 
_. 
- 
- 
- 
5.0 
- 
- 
- 


Feed Through 
.. 
- 
- 
- 
0.2 
- 
- 
- 


Quiescent Current (AL Device) 
2,3 
'DO 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
}JAde 


(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 


15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


Quiescent Current (CL/CP Device) 
2,3 
100 
50 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
,uAdc 


(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 


15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


"ON" 
Resistance CAL Device) 
4,5,6 
RON 
Ohms 


1Ve; 
Voo, 
RL = 10 knl 


(V in ; +5.0 Vdc) 
50 
- 
600 
- 
300 
660 
- 
960 


IVin = -5.0 
Vdc) VSS = -5 Vdc 
- 
600 
- 
300 
660 
- 
960 


IVin = ±0.25 Vdc) 
- 
600 
- 
280 
660 
- 
960 


IV in = +7.5 Vdcl 
7.5 
- 
360 
- 
240 
400 
- 
600 


(V in = -7.5 
Vdcl VSS = -7.5 
Vdc 
- 
360 
- 
240 
400 
- 
600 
(V in = ±0.25 Vdcl 
- 
360 
- 
180 
400 
- 
600 


(Vin 
:: +10 Vdd 
10 
- 
600 
- 
260 
660 
- 
960 


(V in = +0.25 Vdcl V ss ; 0 Vdc 
- 
600 
- 
310 
660 
- 
960 


(Vjn = +5.6 Vdcl 
- 
600 
- 
310 
660 
- 
960 


IV in = +15 Vdcl 
l!i 
- 
360 
- 
260 
400 
- 
600 
IVjn = +0.25 Vdcl VSS = 0 Vdc 
- 
360 
- 
260 
400 
- 
600 
IVin = +9.3 Vdcl 
- 
360 
- 
300 
400 
- 
600 


"ON" 
Resistance (CLlCP Device) 
4.5,6 
RON 
Ohms 


(Ve = Voo, 
RL = 10 knl 
(Vjn = +5.0 Vdcl 
5.0 
- 
610 
- 
300 
660 
- 
840 
(Vin = -5.0 
Vdcl VSS = -5 
Vdc 
- 
610 
- 
300 
660 
- 
840 


IVin; 
±0.25 Vdcl 
- 
610 
- 
280 
660 
- 
840 


(Vin = +7.5 Vdcl 
7.!l 
- 
370 
- 
240 
400 
- 
520 


(Vin = -7.5 
Vdc) VSS = -7.5 
Vdc 
- 
370 
- 
240 
400 
- 
520 
(Vin = ±0.25 Vdcl 
- 
370 
- 
180 
400 
- 
520 


(Vin = +10 Vdcl 
10 
- 
610 
- 
260 
660 
- 
840 
IVin = +0.25 Vdcl VSS = 0 Vdc 
- 
610 
- 
260 
660 
- 
840 


(Vin = +5.6 Vdc) 
- 
610 
- 
310 
660 
- 
840 


IV in = +15 Vdc) 
15 
- 
370 
- 
260 
400 
- 
520 
(Vin = +0.25 Vdc) VSS = 0 Vdc 
- 
370 
- 
260 
400 
- 
520 


(V in ; +9.3 Vdcl 
- 
370 
- 
300 
400 
- 
520 


6 "ON" 
Resistance 
- 
lIRON 
Ohms 


Between any 2 circuits in a common 
package 


(Ve = Vool 
(V in = ±5.0 Vdcl VSS = -5 Vdc 
5.0 
- 
- 
- 
15 
- 
- 
- 


(Vin = ±7.5 Vdc) VSS = -1.5 
Vdc 
7.5 
- 
- 
- 
10 
- 
- 
- 


Input/Output 
Leakage Current (VC:: 
VSSI 
- 
- 


IVin = +7.5, Vou,; 
-7.5 
Vdcl 
7.5 
- 
±0.100 
- 
±0.0015 
±0.100 
- 
±1.0 
/-lAde 


(Vin = -7.5, 
Vou,' 
+7.5 Vdc) 
7.5 
- 
±0.100 
- 
±0.0015 
±0.100 
- 
±1.0 


-Tlow:: 
-55°C 
for AL Device, _40°C 
for CLlCP Device. 


Thigh:: +1250C for AL Device, +850C for CL/CP Device. 


#Input 
Voltage Specified asthe voltage required at the Control Input 
for a 10 IlA current through the transmission gate with an input·to- 


output stressof VDO-VSS 
for VIL and VIH' 


Characteristic 
Figure 
Symbol 
VOD 
Min 
Typ 
Max 
Unit 


Vdc 


Propagation Delay Time (Vss::: a Vdcl 
7 
tpLH, 
5.0 
- 
15 
45 
ns 


Vin to Vout 
tpHL 
10 
- 
7.0 
15 


IVC: 
VOO, RL = 10 kn) 
15 
- 
6.0 
12 


Control to Output 
8 
5.0 
34 
90 
ns 
(Vin';; 
10 Vdc, RL = 1.0 knl 
10 
- 
20 
45 
15 
- 
15 
35 


Crosstalk, Contralto 
Output 1VSS= 0 Vdc) 
9 
- 
5.0 
- 
30 
- 
mV 


IVC = VOO, Rin = 1.0 kn, Rout = 10 kn, 
10 
- 
50 
- 
f = 1kHz} 
15 
- 
100 
- 


Crosstalk between any two switches (VSS = 0 Vdc) 
- 
- 
5.0 
- 
-80 
- 
dB 


IRL = 1.0 kn, f = 1.0 MHz, 
Voutl 


crosstalk = 20 10910 
) 
Vout2 


Maximum Control Input Pulse Frequency (VSS - 0 Vdc) 
- 
- 
5.0 
- 
5.0 
- 
MHz 
IRL = 1.0 knl 
10 
- 
10 
- 


15 
- 
12 
- 


Noise Voltage IVSS = 0 Vdcl 
10,11 
- 
5.0 
- 
24 
- 
nV/../Cycle 


IVC = VOO, f = 100 Hz} 
10 
- 
25 
- 


15 
- 
30 
- 


IVc = VOO, f = 100 kHz} 
5.0 
- 
12 
- 


10 
- 
12 
- 


·15 
- 
15 
- 


Sine Wave (Distortion) 
(VSS::: -5 Vdc) 
- 
- 
5.0 
- 
0.16 
- 
% 
(Vin = 1.77 Vdc RMS Centered@O.O Vdc, 
RL = 10 kn, f = 1.0 kHzl 


Insertion Loss (VC - VOD. 
Vin - 1.77 Vdc, VSS - -5 Vdc, 
12 
- 
5.0 
- 
dB 
RMS centered = 0.0 Vdc, f = 1.0 MHz) 


Vout 
Iloss = 20 10910--) 


Vin 


(RL = 1.0 knl 
- 
2.3 
- 


(RL = 10 kn) 
- 
0.2 
- 
(RL = 100 knl 
- 
0.1 
- 
(RL=1.0Mn) 
- 
0.05 
- 


Bandwidth (-3 dBI 
12,13 
BW 
5.0 
- 
MHz 
IVC = VOO, Vin = 1.77 Vdc, VSS = -5 Vdc, 
RMS centered @ 0.0 Vdc) 
(RL = 1.0 knl 
- 
54 
- 


(RL = 10 knl 
- 
40 
- 
(RL = 100 knl 
- 
38 
- 
IRL = 1.0 Mnl 
- 
37 
- 


Feedthrough 
(VSS - -5 Vdc) 
- 
- 
5.0 
- 
kH~ 


(VC: 
VSS 2010910 Vout = -50 dBI 


, 
Vin 
(RL = 1.0 knl 
- 
1250 
- 


(RL = 10 knl 
- 
140 
- 
IRL = 100 kn) 
- 
18 
- 
IRL = 1.0 Mnl 
- 
2.0 
- 


Logic 
Diagram 
Restrictions 


VSS 
~Vin 
~VDD 
VSS 
<Vout 
$VDO 


Vcontrol 
Vin 
to 
Vout 
Resistance 


VSS 
> 109 
Ohms 
typ 


VOO 
3 x 102 
Ohms 
typ 


z 
0 
>=~~ 100 
<5~~ 
:i'~ 
10 


TYPICAL RON versus 
INPUT VOLTAGE 


FIGURE 4 - Vss ~ -5.0 V AND -7.5 
V 


700 


600 
j 
100 
uz 
~ 
400 
~ 
JOO 
~ 
200 


~ 
100 


All' loin 
- 
TA=250C- 


VC = voo 
= 5.0 Vdc 
Vss 
= -5.0 Vdc 
- 
-- 
~~:;"=V_~~~~~5Vdc 
_ 


I 
I 


700 


600 
j 
10C 


uz 
~ 


400 
~ 
Jon 
~ 
200 


~ 


100 


I 
VSS'OVdc_ - 
Al = 10 kn 
- 
TA=250C 
- 


_ 
Vc = von= 
10Vdc 
•.......•.. 
- 


.•..•........• 
VC "'100 = 15 Vdc- 
- 
I' 
"j 
I 


I 
I 
I 


Vss 
V1n::: 
Voo 


Vx 
:c 0.0 
Vclc 


A,n= O.OVdc 


~ 
~/ 
~IX:: 
VOO 


I Vc 
= VOO 


Ouan·Tech 


Model 
2283 


or Equiv 


Vout 


Vc 
10 k I 


'5PF 


Vin 


1 k 


35 


30 


~ 


25 


~ 
20 


'"~ 
15 
'"> 
w 
10 


'"z 
5.0 


0 
10 
100 
1.0 k 
10k 
100 k 


f. FREOUENCY 
(Hz) 


~ 


~ 
-2.0 
zo -4.0 
~ 
~ 
-6.0 


'"a: -8.0 
>-•... 


1.0M 


fin. INPUT 
FREQUENCY 
(Hz) 


n--- +2.5 
Vdc 
V 
O.OVdc 


--- 
-2.5 
Vdc 


@ MOTOROLA 


The MC14017B 
is a fivt.-stage Johnson 
decade counter 
with built- 
'in code converter. 
High-speed 
operation 
and splke·free 
outputs 
are 


obtamed 
by use of a Johnson 
decade 
counter 
design. 
The ten de- 


coded outputs 
are normally 
low, and go high only 
at their appropriate 


decimal 
time 
period. 
The output 
changes 
occur 
on 
the posItive· 


going 
edge of 
the clock 
pulse. 
This 
part can be used in frequency 
division 
applications 
as well 
as decade 
CQunter 
or decimal 
decode 
display 
applications. 


• 
Fully Static Operation 


• 
DC Clock 
Input 
Circuit 
Allows 
Slow Rise Times 


• 
Carry 
Out 
Output 
for 
Cascading 


• 
12 MHz 
(typicall 
Operation 
@VOO 
= 10 Vdc 


• 
Divide-by-N 
Counting 


• 
Quiescent 
Current 
= 5.0 nA/package 
Typical 
@ 5 Vdc 


• 
Supply 
Voltage 
Range = 3.0 Vdc to , 8 Vdc 


• 
Capable of Driving 
Two 
Low-power 
TlL Loads, One Low-power 
Schottky 
TTL 
Load or Two 
HTL 
Loads Over the Rated Temper· 


ature 
Ral1ge 


• 
Pin·for·Pin 
Replacement 
for 
CD4017B 


Rating 
Symbol 
Value 
Urltt 


DC Supply 
Vollage 
VDD 
-05totl8 
Vdc 


Input 
Voltage, 
All 
Inputs 
Von 
-'05toVDD 
+ 05 
Vdc 


DC Current 
DraIn 
per Pin 
I 
10 
mAdc 


Operating 
Temperature 
Range - 
AL 
DevIce 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T stg 
-65 
to 
~1S0 
°c 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 648 


MC1'XXXB ~su~t,:.::,:t::Ck... 


t:. P 
Plastic 
Package 


A 
ElCtendedOperating 
Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


CLOCK 
DECODE 


CLOCK 
ENABLE 
RESET 
OUTPUT:: 
n 


0 
X 
0 
n 
X 
, 
0 
n 
X 
X 
1 
00 
~ 
0 
0 
n.' 
'- 
X 
0 
n 
X 
..r- 
0 
n 


1 
'- 
0 
n" 


Voo 
Tlow. 
250C 
Thi h* 


Characteristic 
Symbol 
Vdc 
M," 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V," 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
_. 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage-#: 
"0" 
Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO'" 
13.5 
Of 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH 
= 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH 
= 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
Device) 
IOH 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-O.~I 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
{VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
± D.' 
- 
±000001 
±O.l 
- 
± 1.0 
/JAde 


Input 
Current 
(CL/CP 
Device) 
lin 
15 
- 
±03 
- 
±O.DODOl 
±0.3 
- 
± 1.0 
/JAde 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(V;" 
= 0) 


Quiescent 
Current 
(AL 
Devlcel 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
!-JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
j.JAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


TOlal 
Supply 
Current'· 
t 
IT 
5.0 
IT = (0.27 ~A/kHzl 
1+ 
100 
,uAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = 10.55 ~AlkHz) 
f + 100 
Per Package) 
15 
IT = (0.83 ~A/kHzl 
I + 100 


(CL "" 50 pF 
on all outputs. 
all 


buffers 
switching) 


-Tlow"" 
-550C 
for AL Device, 
-400C 
for CLlCP 
Device. 


Thigh"" 
+1250C 
for AL 
Device. 
+850C 
for CLlCP 
Device. 
:;Noise 
immunity 
spet:ified 
for 
worst-case 
input 
combination. 


NOise MargIn 
for 
both" 
1" and 
"0" 
level"" 
1.0 Vdc 
min 
@ VOO 
"" 5.0 
Vdc 


2.0 
Vdc 
min@ 
VOO 
~ 10 Vdc 


2.5 Vdc 
min@VOO 
"" 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF: 


IT(CL) 
= IT(50 pFI + 1.1 x 10-3 
ICL -50) 
Vaal 


where: 
IT is in JJA (per package). 
CL 
in pF, 
VOD 
in Vdc. 
and 
f in kHz 
is input 
frequency. 


--The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 25°C 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due to high 
static 
voltages 
or 
electric 
fields; 
hOVYever. 
it 
is 
advised 
that 
normal 
precautions 
be 
taken 


to 
avoid 
application 
of 
any 
voltage 
higher 


than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it 


is 
recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range 
VSS 
" 
(Vin 
or 
Voutl 
.-;;VOO' 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate 
logic 
voltage 
level 
(e.g., 
either 
VssorVOOI. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vdc 


Output Rise Time 
tTLH 
ns 


tTLH = 13.0 ns/pF) CL + 30 ns 
5.0 
- 
1S0 
360 
tTLH = 11.5 ns/pF) CL + 15 ns 
10 
- 
90 
1S0 
tTLH = 11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL= 
10.75ns/pF) 
CL + 12.5ns 
10 
- 
50 
100 
tTHL = 10.55 ns/pF) CL + 12.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
ns 
Reset to Decade Output 
tpHL 
tPLH, tPHL = 11.7 ns/pF) CL + 415 ns 
5.0 
- 
500 
1000 


tPLH. tPHL = 10.66 ns/pF) CL + 197 ns 
10 
- 
230 
460 


tPLH. tPHL = 10.5 ns/pF) CL + 150 ns 
15 
- 
175 
350 


Propagation Delay Time 
tPLH. 
ns 
Clock to Cout 
tPHL 
tPLH. tPHL = 11.7 ns/pF) CL + 315 ns 
5.0 
- 
400 
SOO 
tPLH. tPHL = 10.66 ns/pF) CL + 142 ns 
10 
- 
175 
350 


tPLH. tpHL = (0.5 ns/pF) CL + 100 ns 
15 
- 
125 
250 


Propagation Delay Time 
tPLH. 
ns 
Clock to Decode Output 
tPHL 
tPLH. tPHL = (1.7 ns/pF) CL + 415 ns 
5.0 
- 
500 
1000 
tPLH, tPHL = 10.66 ns/pF) CL + 197 ns 
10 
- 
230 
460 
tpLH. tpHL = 10.5 ns/pF) CL + 150 ns 
15 
- 
175 
350 


Turn-Off 
Delay Time 
tPLH 
ns 
Reset to Cout 
tPLH = 11.7 ns/pF) CL + 315 ns 
5.0 
- 
400 
800 
tPLH = 10.66 ns/pF) CL + 142 ns 
10 
- 
175 
350 
tpLH = 10.5 ns/pF) CL + 100 ns 
15 
- 
125 
250 


Clock PulseWidth 
tWH 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 


15 
75 
35 
- 


Clock Frequency 
'ei 
5.0 
- 
5.0 
2.0 
MHz 


10 
- 
12 
5.0 
15 
- 
16 
6.7 


Reset PulseWidth 
tWH 
5.0 
500 
250 
- 
ns 
10 
250 
125 
- 


15 
190 
95 
- 


Reset Removal Time 
trem 
5.0 
750 
375 
- 
ns 
10 
275 
135 
- 


15 
210 
105 
- 


Clock Input Rise and Fall Time 
tTLH. tTHL 
5.0 
- 


10 
No Limit 
15 


Clock Enable Setup Time 
tsu 
5.0 
350 
175 
- 
ns 
10 
150 
75 
- 


15 
115 
52 
- 


Clock Enable Removal Time 
trem 
5.0 
420 
260 
- 
ns 


10 
200 
100 
- 


15 
140 
70 
- 


OUTPUT 
OUTPUT 


SINK ORIVE 
SOURCE ORIVE 


Clock to 


DECODE 
151 to AI 
desired 
OUTPUTS 
outputs 
151 to 81 


Clock 
to 5 


Carry 
thru 9 
S1 to A 
(51 to B) 


VGS 
- 
VOO 
- 
VOD 


VOS 
Vout 
Vout 
- VOO 


500 
IJ,F 


00 
01 


Clock Enable 
02 


03 


04 


Reset 
05 


tc 


Clock 


APPLICATIONS 
INFORMATION 


Figure 
3 shows 
a technique 
for extending 
the 
number 
of decoded 
output 
states 
for the 
MC14017B. 
Decoded 
outputs 
are sequential 
within 
each 
stage and from 
stage to stage, with 
no dead 
time 
(except 
propagation 
delay). 


~ 


9 Decoded 
Outputs 
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The MC14018B contains five Johnson counter stagHswhich are 
asynchronously 
presettable and resettable. The counters are syn- 


chronous, and increment on the positive going edgeof the clock. 


Presetting is accomplished by a logic 1 on the preset enable input. 


Data on the Jam inputs will then be transferred to their respective 
a outputs 
(inverted). 
A logic 1 on the reset input will 
cause all 


Q outputs to go to a logic 1 state. 


Division by any number from 2 to 10 can be accomplished by 
connecting appropriate 
Q outputs to the data input, as shown in 
the Function 
Selection table. Anti-lock 
gating is incl"ded 
in the 


MC14018B to assureproper counting sequence. 


• 
Fully Static Operation 


• 
Medium Speed - 6.5 MHz typical @ 10 V 


• 
Schmitt Trigger on Clock Input 
• 
Capable of Driving Two Low-Power TTL Loads, One 


Low-Power Schottky TTL Load or Two HTL Loads 
Over the Rated Temperature Range 


• 
Pin-for-Pin Replacement for CD4018B 


MAXIMUM 
RATINGS 
(Voltages 
referenced 
to VSSI 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 to VDO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application 
of any voltage higher than maximum 
rated voltages to 


this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommendeo 
that 
Vin 
and 


Vout be constrained to the range VSS '" (V in or Vout) 
'" VOO' 


Unused 
inputs 
must always be tied to an appropriate 
logic voltage level (e.g., 


either VSS or VOOL 


MC14018B 


PRESETTABLE 


DIVIDE-BY-N 
COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;Xce::;:t::Ckage 


t= P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Preset 
J.m 


Clock 
R.,.. 
Enable 
Input 
an 


""'- 


0 
0 
x 
an 
-r 
0 
0 
X 
Dn 


X 
0 
I 
0 
1 


X 
0 
1 
1 
0 


X 
1 
X 
X 
1 


Clock 
01 


Data 


Reset 
02 
4 


PE 


Jam 1 
03 
6 


Jam 2 


Jam 3 
04 
" 
Jam 4 


Jam 5 
05 
13 


VOO 
z Pin 16 


VSS 
"" Pin 
8 


Voo 
Tlow . 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Tvp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V," = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V1n = 0 or 
VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO 
'" 4.5 or 0.5 
Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO: 
9.0 0,1.0 
Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO·,3.50, 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO 
=< 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO'" 
1.0 or 9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO'" 
1 5 or 13.5 
Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH ·4.6 
Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
fCLlCP 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
·4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.52 
_. 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
'0.1 
- 
iO.OOOOl 
±O.l 
- 
"0 
.'JAde 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
'03 
- 
±O.OOOOl 
'0.3 
- 
'10 
IJAde 


Input Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


{VIn.:: 
01 


QUiescent 
Current 
(AL 
DeVice) 
100 
50 
- 
5.0 
- 
0.005 
50 
- 
150 
IJAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
20 
- 
0.015 
20 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
jJAdc 


(Per 
Packagel 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.D15 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT = (0.3 ~A/kHz) 
f + 100 
.'JAde 


(Dynamic 
plus 
Quiescent, 
10 
IT: 
10.7 ~A/kHz) 
f + 100 


Per Package) 
15 
IT = (1.0 ~A/kHz) 
t+ 
100 


(Cl 
- SO pF 
on all outputs, 
all 


buffers 
sWitching) 


-Tlow'" 
-SSoC 
for 
AL 
Device, 
-40oC 
for 
CL/CP 
Device. 


Thigh'" 
+12SoC 
for 
Al 
Oevice, 
+8SoC 
for 
CL/CP 
Device. 


#Noise 
Immunity 
spedfied 
for 
worst·case 
input 
combination. 


NOise Margin 
for 
both" 
1" and 
"0" 
level'" 
1.0 Vdc 
min 
@ VOO 
:" S.O Vdc 


2.0 
Vdc 
min@ 
VOO 
..: 10 Vdc 


2.5 Vdc min@ VOO 
= 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF: 


IT(CLI 
= IT(50 pFJ + 1 x 10-3 (CL -501 VOOf 


where: 
IT 
is in JjA 
(per 
package), 
CL 
in pF, 
VDO 
in Vdc, 
and 
f in kHz 
is input 
frequency. 


- -The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 2SoC. 


Voo 


All Types 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 
- 
Output 
Rise and Fall Time 
tTLH, 
tTHL 
ns 


tTLH, 
tTHL= 
11.35ns/pFI 
CL + nns 
5.0 
- 
100 
200 


tTLH, 
tTHL = (0.6 ns/pFI CL + 20 ns 
10 
- 
50 
100 


tTLH, 
tTHL = (0.4 ns/pFI CL + 20 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tpLH, 
ns 


Clock to Q 
tpHL 


tPLH,tPHL 
= 10.90 ns/pFJ CL + 265 ns 
5.0 
- 
310 
620 


tPLH,tPHL 
= 10.36 ns/pFJ CL + 102 ns 
10 
- 
120 
240 


tpLH,tpHL 
= 10.26 ns/pFI CL + 72 ns 
15 
- 
85 
170 


Reset to Q 
ns 


tPLH 
= 10.90 ns/pFI CL + 325 ns 
5.0 
- 
370 
740 
tPLH 
= 10.36 ns/pFI CL + 132 ns 
10 
- 
150 
300 
tpLH 
= 10.26 ns/pFI CL + 81 ns 
15 
- 
100 
200 


Preset Enable to Q 
ns 


tPLH.tPHL 
= (0.90 ns/pFI CL + 325 ns 
5.0 
- 
370 
740 
tpLH,tPHL 
= 10.36 ns/pFI CL + 132 ns 
10 
- 
150 
300 


tPLH,tPHL 
= 10.26 ns/pFI CL + 81 ns 
15 
- 
100 
200 


Setup Time 
tSlJ 
ns 
Data (pin 1) to Clock 
5.0 
200 
0 
- 


10 
100 
0 
- 


15 
80 
0 
- 


Jam Inputs to Preset Enable 
5.0 
200 
0 
- 
ns 


10 
100 
0 
- 


15 
80 
0 
- 


Data (Jam Inputs)-fa-Preset 
th 
5.0 
540 
270 
- 
ns 
Enable Hold Time 
10 
500 
250 
- 


15 
480 
240 
- 


Clock 
Pulse 
Width 
twH 
5.0 
400 
200 
- 
ns 


10 
200 
100 
- 


15 
160 
80 
- 


Reset or Preset Enable 
tWH 
5.0 
290 
145 
- 
ns 


Pulse Width 
10 
130 
65 
- 


15 
110 
55 
- 


Clock Rise and Fall Time 
tTLH, 
tTHL 
5.0 
ns 
10 
No Limit 


15 


Clock Pulse Frequency 
tel 
MHz 


5.0 
- 
2.5 
1.25 


10 
- 
6.5 
3.25 


15 
- 
8.0 
4.0 


TIMING DIAGRAM 
Jam 3 


(as Connected 
to Data Input) 


Divide 
by 10 
Divide 
by 8 
Divide by 6 
Divide 
by 4 
Divide 
by 2 


Divide 
by 9 
Divide 
by 7 
Divide by 5 
Divide 
by 3 


Connect 


Data 
Input 


(Pin 
1) to: 
Comments 
05 
04 
No external 


03 
components 
needed. 


02 
01 


05.64 
04.03 
03.02 
02e 51 


II~~l IIl~~~ ~lII1 iLl11II 


Ir~ 


Don"1 Car. 
Unl.1 P'.Ml 
Enabl. 
Go•• H,gh 


f- 


I 


I 


, 
, 
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14-BIT BINARY 
COUNTER 


The MC14020B 14-stage binary counter is constructed with MOS 


P-channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single 
mon- 
olithic 
structure. 
This part is designed with an input vlave 
shaping 
circuit 
and 14 stages of ripple·carry 
binary counter. 
The device 
advances the count on the negative-going edge of the clock pulse. 


Applications 
include 
time 
delay 
circuits, 
counter 
controls, 
and 
fre- 


quency-dividing 
circuits. 


• 
Fully Static Operation 


• 
Quiescent Current =5.0 nA/package typical @ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 


Schottky TTL Load or Two HTL Loads Over the Ihted 
Temperature 
Range 


• 
Low Input Capacitance = 5.0pF typical 


• 
Buffered Outputs Available from stages 1 and 4 thru 
14 


• 
Common 
Reset 
Line 


• 
13 MHz Typical Counting Rate @ VDO = 15V 


• 
Pin-far-Pin Replacement for C04020B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to 
+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 
to Vao 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°c 


MC14020B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;Xce~:;:t::Ckage 


C 
P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


CLOCK 
RESET 
OUTPUT STATE 


..F 
0 
No Change 
'- 


a 
Advance 
to nex t 
state 


X 
1 
All Ou tpu ts are low 


• 


06 
= 
P n 4 
07 
P n 6 
08<;-Pn13 


09 
= 
Pin 
12 


010 
= Pin 
14 
011=Pin15 


VOO 
Tlow . 
25°C 
Thi 
h" 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
TVp 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
0 
0.05 
0.05 
Vdc 


Vin 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage:;: 
"0" Level 
VIL 
Vdc 


(Va 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va" 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


", 
.. Level 
VIH 
(Va" 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va" 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
0:: 1.5 or 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current IAL Device) 
IOH 
mAde 


(VOH " 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH - 4.6 Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH· 
9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH • 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL· 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL· 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL· 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
'OH 
mAde 


(VOH " 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH ·4.6 
Vdcl 
5.0 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


(VOH " 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH· 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL· 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
{VOL· 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL· 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL 
DevIce) 
lin 
15 
- 
'01 
- 
'000001 
to.l 
! 1.0 
SlAde 


Input 
Current 
(CLlCP 
Devicel 
lin 
15 
- 
'03 
- 
±D.00001 
'0.3 
- 
± 1.0 
}JAde 


Input 
Capacitance 
Cm 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(V,n 
= 01 


Quiescent 
Current 
(AL 
Device) 
'DO 
5.0 
- 
5.0 
- 
0.005 
5.0 
150 
,uAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current ICLlCP Device) 
'DO 
50 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-' 
t 
'T 
5.0 
'T 
10.42 "A/kHzl 
, + 'DO 
/JAde 


(DynamiC 
plus 
Quiescent, 
10 
'T - 10.85 "A/kHz) 
I t 
'DO 
Per 
Package) 
15 
IT· 
{1.43 "A/kHzl 
, t 
'DO 


(el = 50 pF on all outputs, all 
buffers SWitching) 


-Tlow': 
-SSoC for AL Device, -400C 
for CLlCP Device. 


Thigh = +1250C for AL Device. +850C for CLlCP Device. 
pNoise immunity specified for worst-case input combination. 


Noise Margin for both "1" and "0" level = 1.0 Vdc min@ VDD 
= 5.0 Vdc 


2.0 Vdc min @ VDD 
= 10 Vdc 
2.5 Vdc min@ VDD 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'T(CL) 
• 'T{50 pF! + 1 x 10-3 {CL -501 VOO' 
where: IT is in JlA (per package), CL in pF. VDD in Vdc. and f in kHz is input frequency. 
- ·The formulas given are for the typical characteristics only at 25°C. 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range VSS ~ (Vin or Voutl 
",VOO· 
Unused inputs must always be tied to an appropriate logic voltage lavelle.g., either VSS or VOOI. 


Characteristic 
Symb-ol 
VOO 
Min 
Typ 
Max 
Unit 
Vde 


Output 
Rise Time 
tTLH 
ns 


tTLH; 
13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 
tTLH = 11.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 
tTLH 
= 11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL= 
11.5ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL= 
10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
tTHL; 
10.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH, 
ns 


Clock to 01 
tpHl. 


tpHL, tPLH = 11.7ns/pF) CL + 315 ns 
5.0 
- 
400 
750 
tPHL, tpLH; 
10.66 ns/pF) CL + 137 ns 
10 
- 
170 
300 
tPHL, tPLH = 10.5 ns/pF) CL + 95 ns 
15 
- 
120 
230 


Clock to 014 
'" 
tPHL, tPLH = 11.7 ns/pF) CL + 2715 ns 
5.0 
- 
2.8 
2.8 
tPHL, tPLH = (0.66 ns/pF) CL + 967 ns 
10 
- 
1.0 
2.0 


tPHL, tPLH = (0.5 ns/pF) CL + 575 ns 
15 
'- 
0.6 
1.5 


Propagation Delay Time 
tPHl. 
ns 


Reset to On 
tpHL = 11.7 ns/pF) CL + 510 ns 
5.0 
- 
595 
3500 
tpHL; 
(0.66 ns/pF) CL + 197 ns 
10 
- 
230 
900 
tPHL = 10.5 ns/pF) CL + 155 ns 
15 
- 
180 
680 


Clock Pulse Width 
tWH 
5.0 
500 
140 
- 
ns 


10 
165 
55 
- 


15 
125 
38 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
3.5 
1.0 
MHz 


10 
- 
9.0 
3.0 
15 
- 
13 
4.0 


Clock Rise and Fall Time 
tTLH, tTHL 
5.0 
- 


10 
No Limit 
15 


Reset Pulse Width 
tWL 
5.0 
3000 
320 
- 
ns 


10 
550 
120 
- 


15 
420 
80 
- 


Clock LJ"lSUlI" 
-U- -U- -U- -U- -U- -U- -U- -U- -U- -U- -U- l...J -U- 


Reset 
--,~ 
_ 


01 -----.II.- l- 
l- 
l- 
l- 
l- 
L- L- l- 
L- L- L- L- L- 


04 
r_L_l- 
L- L- L- L- L- L- L- L- l- 


05 
r_L_ L- L- L- L- L- L- L- L- L- 


06 
r_L_ L- L- L- L- L- L- L- L- 


07 
r_L_ L- L- L- L- L- l- 
L- 


OB 
~r_L_ l- 
l- 
l- 
L- L- L- 


09 
~ 
L- L- L- L- L- 


010 
r_L_ L- L- l- 
L- 


011 
- 
~~ 
L- L- L- 


012 
~~ 
L- L- 


013 
~ 
L- 


014 
~r_L_ 


@ MOTOROLA 


The MC140148 
and MC140218 
8-bit 
static shif1 registers are 


constructed with MaS P-channel and N-channel enhancement mode 
devices in a single monolithic 
structure_ 
These shift registers find 
primary 
use in parallel-ta-serial data conversion, synchronous and 
asynchronous parallel input, serial output data queueing; and other 
general purpose register applications 
requiring 
low power and/or 
high noise immunity_ 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Synchronous Parallel Input/Serial Output (MC140148) 


• 
Asynchronous Parallel Input/Serial Output (MC14021 8) 


• 
Synchronous Serial Input/Serial Output 


• 
Full Static Operation from DC to 7.0 MHz 


• 
"Q" Outputs from Sixth, Seventh, and Eighth Stages 


• 
Double Diode Input Protection 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load to Two HTL Loads Over the Rated Temper- 


ature Range_ 


• 
MC140148 Pin-far-Pin Replacement for CD40148 
• 
MC140218 Pin-far-Pin Replacement for CD40218 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-05 
to +18 
Vdc 


Input 
Vultage, 
All 
Inputs 
Vm 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
DraIn 
per Ptn 
I 
10 
mAde 


Operating 
Temperature 
Range 
-- AL Device 
TA 
-55 to +125 
°c 


CLlCP 
DevIce 
-4010 +85 


Storage 
Temperature 
Range 
T 5t9 
-65 to +150 
°c 


MC140218 


FOR COMPLETE DATA 
SEE MC140148 


~~ 
JI,~~ 
~U'6~l~ 
~~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXSl!=SU~fiXce'::i:'::Cka9. 
L P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


TRUTH 
TABLE 
SERIAL 
OPERATION: 


Q6 
Q7 
Q8 
t 
CLOCK 
Os 
PIS 
t= n+6 
t = 0+7 
t:z:: 0+8 


n 
....r- 
0 
a 
a 
? 
? 


n+1 
....r- 
1 
a 
1 
a 
? 


n+2 ~ 
a 
a 
a 
1 
0 
n+3 
-.r- 
1 
0 
1 
0 
1 


"-- 


X 
0 
06 
07 
as 


PARALLEL 
OPERATION: 


CLOCK 


"QM 
Os 
PIS 
OM 
MC140148 
MC14021 B 


~I 
X 
X 
1 
0 
0 
~I 
X 
X 
1 
1 
1 


·06, 
Q7. & 08 are available externally 


X : 
Don't 
Care 
• 


@ MOTOROLA 


The MC14022B is a four'stage Johnson octal counter with built-in 


code converter. High-speedoperation and spike·free outputs are ob· 
tained by use of a Johnson octal counter design. The eight decoded 
outputs are normally low. and go high only at their appropriate octal 
time period. The output changesoccur on the positive·going edgeof 
the clock pulse. This part can be used in frequency division appli- 
cations as well as octal counter or octal decode display applications. 


• 
Fully Static Operation 
• 
DC Clock Input Circuit Allows Slow RiseTimes 


• 
Carry Out Output for Cascading 


• 
12 MHz (typical) Operation @ VDD = 10 Vdc 


• 
Divide-by-N Counting 


• 
Quiescent Current = 5.0 nA/package Typical @ 5 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 


• 
Pin·for·Pin Replacement for CD4022B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-0.5 
to VOO • 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
'0 
mAde 


Operating 
Temperature 
Range 
- 
AL 
DeVice 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T st9 
-65 
to +150 
°c 


MC14022B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB 
~SU~f;Xce,::;:t::Ck.ge 


L P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


CLOCK 
CLOCK 
ENABLE 
RESET 
OUTPUT 
n 


0 
X 
0 
n 


X 
1 
0 
n 
~ 
0 
0 
n,l 
'-- 
X 
0 
n 


1 
--- 


0 
n" 
X 
--.r 
0 
n 


X 
X 
1 
QO 


Reset 
15 


VOD 
= Pin 
16 
VSS=Pin8 


Voo 
Tluw. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output 
VOltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
co VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


''1'' Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin"""' OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
Vil 
Vdc 
(VO ~ 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
= 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO 
= 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO " 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Orive Current (AL Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH 
= 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH 
= 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOl 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
IOH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
.- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
. -1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOl 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
IVOl 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
- 
± 0, 1 
- 
±0.00001 
io.' 
- 
± 1.0 
,uAdc 


Input Current (CLlCP Device) 
lin 
15 
- 
± 0.3 
.- 
±D.OOOOl 
±0.3 
- 
± 1.0 
,/..lAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vi~ 
= Ol 


Quiescent 
Current 
tAL 
Device) 
100 
50 
- 
5.0 
- 
0.005 
50 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.Q15 
20 
- 
600 


Quiescent Current (CLlCP Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.Q15 
80 
- 
600 


Total Supply Current··t 
IT 
5.0 
IT = 10.28 I'A/kHzl 
f + IDO 
/JAde 


(Dynamic 
plus 
Quiescent, 
10 
IT = 10.56 I'A/kHzl 
f + 100 


Per 
Packagel 
15 
IT = 10.85 I'A/kHzl 
f + 100 


(CL 
= 50 
pF on all outputs, 
all 


buffers switching) 


"Tlow;:: -SSoC for AL Device, -40oC for CLlCP Device. 


Thigh;:: +12SoC for AL Oevice, +8SoC for CLlCP Oevice. 


.,r;Noiseimmunity 
specified for worst·case input combination 
Noise Margin for both "1" and "0" level;:: 1.0 Vdc min @ VOO 
;::5.0 Vdc 
2.0 Vdc min@ VOO 
;::10 Vdc 
2.5 Vdc min @ VOO 
= H> Vdc 
tTo calculate total supply current at loads other than 50 pF' 


'T(CL) 
= 
'1'(SO pFI + 1.25 • 10-3 
ICL -50) 
VOOf 


where: IT is in j.J.A(per package), CL in pF, VOO in Vdc, and f in kHz is input frequency . 
.•.•The formulas given are for the typical characteristics only at 2SoC. 


This device contains circuitry to protect the inputs against dam3ge due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range VSS '" (V in or Vout) 
•• VOO· 
Unused inputs must always be tied to an appropriate logic voltagl~ level {e.g., either VSS or VOO>' 
• 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vde 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL 
= (1.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= (0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= (0.55 ns/pFI CL + 12.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH. 
ns 


Reset to Decode Output 
tpHL 
tpLH. 
tpHL 
= 11.7 ns/pFI CL +415 
ns 
5.0 
- 
500 
1000 


tPLH. tPHL 
= 10.66 ns/pFI CL + 197 ns 
10 
- 
230 
460 


tPLH. tPHL 
= 10.5 ns/pF) CL + 150 ns 
15 
- 
175 
350 


Propagation Delay Time- 
- 
tpLH. 
ns 


Clock to Cout 
tpHL 
tPLH. tPHL 
= 11.7 ns/pF) CL + 315 ns 
5.0 
- 
400 
800 


tpLH. 
tPHL 
= (0.66 ns/pF) CL + 142 ns 
10 
- 
175 
350 


tPLH. tPHL 
= 10.5 ns/pF) CL + 100 ns 
15 
- 
125 
250 


Propagation Delay Time 
tpLH. 
ns 


Clock to Decode Output 
tpHL 
tpLH. 
tpHL 
= 11.7 ns/pFI CL +415 
ns 
5.0 
- 
500 
1000 


tPLH. tPHL 
= 10.66 ns/pFI CL + 197 ns 
10 
- 
230 
460 


tPLH. tPH L = 0.5 ns/pF I CL + 150 ns 
15 
- 
175 
350 


Turn-Off 
Delay Time 
tPLH 
ns 


Reset to Cout 
tPLH 
= 11.7 ns/pF) CL + 315 ns 
5.0 
- 
400 
800 


tPLH 
= (0.66 ns/pFI CL + 142 ns 
10 
- 
175 
350 


tPLH 
= 10.5 ns/pFI CL + 100 ns 
15 
- 
125 
250 


Clock Pulse Width 
twH 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 


15 
75 
35 
- 


Clock Frequency 
'ei 
5.0 
- 
5.0 
2.0 
MHz 


10 
- 
12 
5.0 
15 
- 
16 
6.7 


Reset Pulse Width 
twH 
5.0 
500 
250 
- 
ns 


10 
250 
125 
- 


15 
190 
95 
- 


Reset Removal Time 
trem 
5.0 
750 
375 
- 
ns 


10 
275 
135 
- 


15 
210 
105 
- 


Clock Input Rise and Fall Time 
tTLH. 
tTHL 
5.0 
- 


10 
No Limit 
15 


Clock Enable Setup Time 
tsu 
5.0 
350 
175 
- 
ns 


10 
150 
75 
- 


15 
115 
52 
- 


Clock Enable Removal Time 
trem 
5.0 
420 
260 
- 
ns 
10 
200 
100 
- 


15 
140 
70 
- 


Output 
Output 


Sink Drive 
Source 
Drive 


Clock to desired 


Output 


Outputs 
(S1 to A) 
(51 
to B) 


Clock 
to Q5 
Carry 
thru 
07 
51 to A 
($1 
to Bl 


VG5 
- 
VDD 
-VOO 


VDS 
Vout 
Vout 
-VOO 


00 


01 


Clock 
Enable 
02 


03 


04 


Reset 
05 


06 


07 
Clock 
Cout 


APPLICATIONS 
INFORMATION 


Figure 3 shows a technique for extending the number of decoded output 
states for the 


MC14022B, Decodedloutputs are sequential within 
eachstage and from stage to stage, with no 


dead time (except propagation delay), 


FIGURE 3 - COUNTER EXPANSION 
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R 
R 


C 
C 
C 
MC140228 
MC140228 
MC140228 
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CE 
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F jrst 5tage 
Intermediate 
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® MOTOROLA 


The MC14023B and MC14023UB are constructed with P and N channel 
enhancement mode devices in a single monolithic 
structure 
(Comple- 


mentary 
MOSI_ Their 
primary 
use is where low power dissipation 
and/or 
high noise immunity 
is desired_ 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered (MC14023B only) 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. (MC14023B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacements for CD4023B and CD4023lJB. 


Ratinv 
Symbol 
ValLe 
Unit 


DC 
SupplV 
Voltage 
VOO 
-05to+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-05 
to VOO 
'05 
Vdc 


DC Current 
Drain per PIn 
I 
10 
mAde 


Operating Temperature Range - AL Device 
TA 
-55 
to + 125 
°c 


CL/CP 
Device 
-40 to~85 


Storage Temperature 
Range 
TstQ 
-65 to +150 
°c 


See the MC14001 B data sheet for complete characteristics of the 
B-Seriesdevice. 


Seethe MC14001UB data sheet for complete characteristics for the 
UB device. 


Voo 
d 


8'6"3~ 
9 
Vss 


MC14023B 
MC14023UB 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXJ"IT::':',,,'::"::.- 


or US 
P 
Plntlc 
Peckage 
as app;icable 
A 
Extended Operating 
Temperatur. Range 
e 
Limited 
Operating 
Temperafure 
Range 


LOGIC 
DIAGRAM 
:3=0-9 


VOO'" 
Pin 
14 


VSS 
::z Pin 
7 
"3=0- 
12 
10 
'3 


This device 
contains 
circuitry 
to protect 
the inputs against damage due 
to high static 
voltages 
or electric 
fields; 
however. 
it is advised that 
nor- 


mal precautions 
be taken to avoid application 
of any voltage higher than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin 
and Vout 
be constrained 
to the 


range VSS ~ 
(Vin 
or Vout) 
~ 
VOO· 
Unused 
inputs 
must 
always 
be tied to an appropriate 
logic voltage 
level 
(e.g .. either 
VSS or VOO). 


@ MOTOROLA 


The MC140248 is a sevenstage ripple counter with short propa- 
gation delays and high maximum clock rates. The Reset input has 
standard noise immunity 
(typically 
45% of VDDl. 
however the 


Clock input has increasednoise immunity due to Hysterrsis, with no 
maximum Clock input rise or fall time. The output of each counter 
stageis buffered. 


• 
Quiescent Current =5.0 nA/package typical @5 Vdc 


• 
Noise Immunity = 45% of VDD typical 
• 
Diode Protection on All Inputs 


• 
Output Transitions Occur on the Falling Edgeof the Clock Pulse 


• 
8-MHz Operation@ VDD = 10 Vdc typical 
• 
Exceedingly Slow Input Transition Rates may be Applied to the 
Clock Input 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


• 
Pin-for-Pin Replacement for CD40248 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
-55 to +125 
°c 


C LlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
T st9 
-65 to +150 
°c 


03"- 
Pin 9 
04= 
PinG 
Q5=Pin5 


MC140248 


SEVEN STAGE 


RIPPLE COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 646 


MC'4XXXB ~SU~fiXc.::;:t::Ckag. 


L P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


Voo 
Tlow . 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
Vao 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Von 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage:': 
"0" Level 
VIL 
Vdc 


(VO 
c 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO ~ 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO" 
13.5 or 1.5 Vdcl 
15 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
J 


(VO" 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO ~ 1.00r9.0Vdcl 
10 
7.0 


I 


- 
7.0 
5.50 
- 
7.0 
- 


(VO" 
15 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
I 


mAde 


(VOH " 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH "4.6 
Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH "9.5 
Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH " 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL" 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL" 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 


(VOH " 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH" 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Stnk 
IOL 
5.0 
0.52 
I - 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input'Current 
IAL 
Device) 
lin 
15 
- 
!0.1 
- 
!0.00001 
±O.l 
- 
± 1.0 
JJAdc 


Input 
Current 
(CL/CP 
Device) 
lin 
15 
- 
! 0.3 
.- 
!O.OOOOI 
• 0.3 
- 
! 1.0 
!JAde 


Input Capacitance 
Cin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
= 01 


Quiescent 
Current 
(AL 
DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
J,lAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
I 
20 
- 
0.005 
20 
- 
150 
/-lAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT =(0.31 
,lJA/kHzl 
f + IDO 
jJ.Adc 


(Dynamic 
plus 
Quiescent, 
10 
IT =(0.60 ~A/kHzl 
, + 100 
Per Package) 
15 
IT =(0.89 ~A/kHzl 
, + 100 


eel 
= 50 
pF 
on 
all 
outputs, 
all 


buffers 
switching) 


·T low'" 
-55°C 
for 
AL 
Device, 
-400C 
for 
C LlCP 
Device. 


Thigh'" 
+12SoC 
for 
AL 
Device, 
+8SoC 
for 
CLlCP 
Device . 


.,:;-Noise Immunity 
specified 
for 
worst'case 
input 
combination 


NOise Margin 
for 
both 
"1" 
and "0" 
level'" 
1.0 Vdc 
min 
@ VDO 
'" S.O Vdc 


20 
Vdc 
min 
@ VDO 
'" 10 Vdc 


2.S Vdc 
min 
@ VDD 
'" 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF: 


IT(CLI = IT(50 pFI + 1 x 10-3 (CL -501 VOD' 


where: 
IT is in IJ.A (per packagel. 
CL 
in pF, 
VDD 
in Vdc. 
and f in kHz 
is Input 
frequency 
. 
• ·The 
formulas 
given 
are for 
the typical 
characteristics 
only 
at 2SoC. 


This device 
contains 
circuitry 
to protect 
the 
inputs 
against 
damage 
due to high static voltages 
or electric 
fields; however, 
it is ad- 


vised that 
normal 
precautions 
be taken 
to avoid 
application 
of any voltege 
higher 
than 
maximum 
rated 
voltages 
to this high im- 


pedance 
circuit. 
For proper 
operation 
it is recommended 
that 
Vin and Vout 
be constrained 
to the 
range 
VSS <; (Vin or Vout) 


';VOO· 
Unused 
inputs 
must alwavs be tied to an appropriate 
logic voltage 
level (e.g., either 
VSS or VDOL 
• 


• 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 
tTLH 
= 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
lTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL = 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH, 
ns 


Clock to 01 
tpHL 


tPLH, tpHL = 11.7 ns/pFI CL + 295 ns 
5.0 
- 
380 
600 


tPLH, tPHL = 10.66 ns/pFI CL + 117 ns 
10 
- 
150 
230 


tPLH, tpHL = 10.5 ns/pFI CL + 85 ns 
15 
- 
110 
175 


Clock to 07 
tpLH, 
tpHL = 11,7 ns/pF) CL +915 
ns 
5.0 
- 
1000 
3000 


tpLH, 
tpHL = 10.66 ns/pF) CL + 367 ns 
10 
- 
400 
750 


tPLH, tPHL = 10.5 ns/pF) CL + 275 ns 
15 
- 
300 
565 


Reset to On 
tPLH, tPHL = 11.7 ns/pFI CL + 415 ns 
5.0 
- 
500 
800 
tPLH, tPHL = 10.66 ns/pFI CL + 217 ns 
10 
- 
250 
400 
tpLH, 
tPHL = 10.5 ns/pF) CL + 155 ns 
15 
- 
180 
300 


Clock Pulse Width 
'WH 
5.0 
500 
200 
- 
ns 
10 
165 
60 
- 


15 
125 
40 
- 


Reset Pulse Width 
'WH 
5.0 
600 
375 
- 
ns 


10 
350 
200 
- 


15 
260 
150 
- 


Reset Removal Time 
trem 
5.0 
625 
250 
- 
ns 


10 
190 
75 
- 


15 
145 
50 
- 


Clock Input Rise and Fall Times 
tTLH, 
tTHL 
5.0 
10 
No Limit 


15 
Input Pulse Frequency 
lei 
5.0 
- 
2.5 
1.0 
MHz 


10 
- 
8.0 
3.0 


15 
- 
12 
4.0 


CLOCK 
RESET 
STATE 


0 
0 
No Change 


0 
1 
All Outputs 
Low 


1 
0 
No Change 


1 
1 
All Outputs 
Low 


~ 
0 
No Change 
~ 
1 
All Outputs 
Low 
---- 


0 
Advance 
One Count 


~ 
1 
All 
Outputs 
Low 


_L 0.01 
IlF 


JCeramic 


@ MOTOROLA 


The MC14025B and MC14025UB are constructed with P and N channel 
enhancement mode devices in a single monolithic 
structure 
(Comple- 


mentary 
MOSI. Their 
primary 
use is where low 
power dissipation 
and/or 
high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered (MC14025B only) 


• 
Capable of Driving Two Low-power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL loads Over the Rated Temper- 
ature Range. (MC14025B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin-for·Pin Replacements for CD4025B and CD4025UB. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0510+18 
Vdc 


Input 
Voltage, 
All 
Inpuls 
V,n 
-05toVOO 
-05 
Vdc 


DC 
Current 
DraIn 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL 
Device 
TA 
-55 
to ""25 
°c 


CL/CP Device 
-40 
to "'85 


Storage 
Temperature 
Range 
T stg 
-65 
to 
.•.150 
°c 


See the MC14001B data sheet for complete characteristics of the 
B-Seriesdevice. 


Seethe MC14001UB data sheet for complete characteristics for the 
non-S device. 


Voo 
d 


8'5.'3~ 


=t 


vss 


MC14025B 
MC14025UB 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


Me 14XX XJ'1~':",..:.,:..: .... 


or UB. 
P 
Plastic 
Package 


as applicable 
A 
Extended 
Operating 


Temperature 
Range 
e 
Limited 
Operating 


Temperature 
Range 


"~ 
12 
10 


13 


This device 
contains 
circuitry 
to prOtect 
the inputs against damage due 


to high static 
voltages 
or electric 
fields; 
however. 
it is advised that 
nor- 
mal precautions 
be taken to avoid application 
of any voltage 
higher than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin 
and 
Vout 
be constrained 
to the 
range VSS ~ 
(Vin 
or Vout) 
~ 
VOO· 


Unused 
inputs 
must 
always 
be tied to an appropri,ate 
logic voltage 
level 


(e.g., either 
VSS or VOO). 


@ MOTOROLA 


The MC14027B dual J-K flip-flop 
has independent J, K, Clock 
(C), Set (S) and Reset (R) inputs for each flip-flop. 
These devices 
may be used in control, register, or toggle functions. 


• 
Quiescent Current = 2.0 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity ~ 45% of VDD typical 


• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation - Positive or Negative 


• 
Toggle Rate = 3.0 MHz typical 
@ 5 Vdc 


• 
Logic Swing Independent of Fanout 


• 
Logic Edge·Clocked Flip-Flop Design- 
Logic state is retained indefinitely 
with clock level either high or 
low; information is transferred to the output only on the positive- 
going edgeof the clock pulse 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 


ature Range 


• 
Pin-for-Pin Replacement for CD4027B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5to+18 
Vdc 


Input Voltage, All Inputs 
V," 
-0.5 to VDD + 0.5 
Vdc 


DC Current Drain per Pin 
I 
'0 
mAde 


Operating Temperature Range - 
AL DeVice 
TA 
-55 
to +125 
°c 
CLlCP 
DeVice 
-40 
to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


INPUTS 
OUTPUTS· 


Ct 
J 
K 
S 
R 
O"~ 
on+l 
00+1 
r 
, 
X 
0 
0 
0 
, 
0 
.....r 
X 
0 
0 
0 
, 
, 
0 
.....r 
0 
X 
0 
0 
0 
0 
, 


.J""" 
X 
, 
0 
0 
, 
0 
, 
'- 


X 
X 
0 
0 
X 
an 
an 


X 
X 
X 
, 
0 
X 
, 
0 


X 
X 
X 
0 
, 
X 
0 
, 


X 
X 
X 
, 
, 
X 
, 
, 


x •• Don't 
Care 


t"" 
Level 
Change 


:l: 
::< 
Present 
State 


• 
= Next 
State 


This device contains circuitry 
to protect the inputs against damage due to htgh 
static 
voltages 
or electric 
fields; 
however, 
it is advised 
that normal 
precautions 
be 
taken to avoid application of any voltage higher than maximum reted voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range VSS 
lIO; (Vin or Vout) 
" VOO' 
Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., 
either VSS or Vool. 


MC14027B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


M"om 1~SUf1iX Denotes 


L 
Ceramic 
Package 
P 
Plastic Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


:050 
1 


3 
C 


5 
K 
Q 
2 
R 


4':0 


5 


a 
'5 
13 
C 


11 
K 
a 
14 
R 


'2 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Mi" 
Ma. 
Unit 


Output 
VOltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VOoorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"". 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin"" 
0 or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage'u 
"0" 
Level 
VIL 
Vdc 
(VO " 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO " 9.00< 
1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO" 
13.50,1.5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO ~ 0.5 0,4.5 
Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO = 1.00< 9.0 Vdcl 
10 
70 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.50,13.5 
Vdcl 
15 
110 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(A L Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-1 2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH • 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
l.G 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUep Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-1.3 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH ·4.6 
Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH • 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH' 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
± 0.1 
±0.00001 
to.l 
± 1.0 
/-lAde 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
±0.3 
- 
± 1.0 
jJAdc 


I nput 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
== 0) 


Quiescent 
Current 
(AL 
Devicel 
100 
5.0 
1.0 
0.002 
1.0 
30 
.uAde 


(Per 
Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


QUIescent 
Current 
(CUe? 
Device) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
J-lAdc 


(Per 
Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 
Total Supply Current··t 
IT 
5.0 
IT • (0.80 ~A/kHzl 
f + IDO 
pAdc 


(DynamIC 
plus 
Quiescent, 
10 
IT' 
(1.60 ~A/kHzl 
f + 100 


Per Package) 
15 
IT '(2.40 
~A/kHzl 
f + 100 


(CL :: 50 pF on all outputs, all 
buffers switching) 


-Tlow 
= -55°C 
for AL Device, -400C 
for CL/CP Device. 


Thigh = +1250C 
for AL Device. +850C for CL/CP Device. 


.:;Noise Immunity 
specified for worst-case input combination 
NOise Margm for both ..," and "0" level 
== 1.0 Vdc min@ VDO 
= 5.0 Vdc 
2.0 Vdc min @ VDO 
='0 
Vdc 
2.5 Vdc min @ VDD 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


IT(eLI 
• IT(50 pFI 
+ 2 x 10-3 (CL -501 VOOI 
where: IT is in IJA (per package), CL in pF. VOO in Vdc. and f in k'-iz is input frequency. 


- -The formulas given are for the typical characteristics only at 25°C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


'TLH 
~ (3.0 ns!pF) CL + 30 ns 
5.0 
- 
1S0 
360 


tTLH 
~ (1.5 ns!pFI CL + 15 ns 
10 
- 
90 
ISO 


tTLH 
~ (1.1 ns!pF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


°tTHL ~ 11.5 ns!pF) CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
~ (0.75 ns!pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
~ (0.55 ns!pF) CL + 12.5 ns 
15 
- 
40 
SO 


Propagation 
Delay Time 
tPLH, 
ns 


Clock to a 
tPHL 
tpLH, 
tpHL 
~ 11.7 ns!pFI CL + 90 ns 
5.0 
- 
175 
350 


tPLH, 
tpHL 
~ (0.66 ns!pFI CL + 42 ns 
10 
- 
75 
150 
tpLH, 
tpHL 
~ (0.5 ns!pF) CL + 25 ns 
15 
- 
50 
100 
Set to Q 
tpLH, 
tpHL 
~ (1.7 ns!pFI CL + 90 ns 
5.0 
- 
175 
350 
tPLH, 
tPHL ~ (0.66 ns!pFI CL + 42 ns 
10 
- 
75 
150 
ns 


tpLH, 
tpHL 
~ 10.5 ns!pF) CL + 25 ns 
15 
- 
50 
100 
Reset to a 
tPLH, 
tPHL ~ 11.7 ns!pF) CL + 265 ns 
5.0 
- 
350 
450 


tPLH, tPHL ~ (0.66 ns!pFI CL + 67 ns 
10 
- 
100 
200 
ns 


tpLH, 
tpHL 
~ 10.5 ns!pF) CL + 50 ns 
15 
- 
75 
150 


Setup Times 
tsu 
5.0 
140 
70 
- 
ns 


10 
50 
25 
- 


15 
35 
17 
- 


Minimum 
Hold Times 
th 
5.0 
140 
70 
- 
ns 
10 
50 
25 
- 


15 
35 
17 
- 


Clock Pulse Widtn 
'WH, 'WL 
5.0 
330 
165 
- 
ns 
10 
110 
55 
- 


15 
75 
3S 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
3.0 
1.5 
MHz 


10 
- 
9.0 
4.5 
15 
- 
13 
6.5 


Clock Pulse Rise and Fall Time 
tTLH, 
tTHL 
5.0 
- 
- 
15 
'AS 
10 
- 
- 
5.0 
15 
- 
- 
4.0 


Set and Reset Pulse Width 
'WH 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 


15 
70 
35 
- 


Inputs 
A and Slow. 
For the measurement of tWH, I/fel. and Po 
the Inputs 
J and K are kept 
high. 


® MOTOROLA 


BCD·TO·DECIMAL 
DECODER 


BINARY·TO-oCTAL 
DECODER 


The MC14028B decoder is constructed so that an 8421 BCD code 
on the four inputs provides a decimal (one-of-tenl decoded output, 
while a 3-bit binary input provides a decoded octal (one-of-eight) 
code output with 
D forced to a logic "0". 
Expanded decoding such 
as binary-to-hexadecimal 
(one-of-16), etc., can be achieved by using 


other MC14028B devices. The part is useful for code conversion, ad- 
dress decoding, memory selection control, demultiplexing, 
or read- 
out decoding. 


• 
Diode Protection on All Inputs 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Supply Voltage Range = 3_0Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 


ature Range 


• 
Positive Logic Design 
• 
Quiescent Current 5_0nA /package typical 
@ 5 Vdc 


• 
Low Outputs on All Illegal Input Combinations 


• 
Similar to CD4028B. 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
'0 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


BLOCK 
DIAGRAM 


r 


3 


14 


3-Bit 


Binarv 
13 
15 
Octal 


8421 
Inputs 


Decoded 
Decimal 


8CD 
Outputs 
Decoded 


Inputs 
6 
Outputs 


12 


4 


9 


11 
5 


VOD"" 
Pin 
16 


VSS"" 
Pin 8 


MC140288 


BCD-TO-DECIMAL 
DECODER 
BINARY-TO-OCTAL 
DECODER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;:.::;:t::Ck.9. 


L. P 
Plastic Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


INPUT 
OUTPUT 


D 
C 
B 
A 09.080706050403020100 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 


0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 


0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 


1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Voo 
Trow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Mi" 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
-- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
-- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


.. ," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vi" 
- OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input VoltageL< 
"0" Level 
VIL 
Vdc 
(Va' 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va' 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va· 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
level 
VIH 


(Va· 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va· 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va· 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.2-5 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH • 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH • 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 


Input Current (AL Device) 
lin 
15 
- 
±0.1 
- 
'0.00001 
±0.1 
- 
± 1.0 
,uAdc 


Input 
Current 
ICLlCP 
Device) 
lin 
15 
- 
.0.3 
- 
'0.00001 
± 0.3 
- 
± 1.0 
IJAdc 


Input Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 01 


Quiescent Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CLlCP 
Devicel 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J.IAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT = (0.3 
~A/kH21 
f + 100 
IJAdc 
(Dynamic 
plus 
Quiescent, 
10 
IT = 
(0.6 
/-lA/kHz) 
f + 100 
Per Package) 
15 
IT = 
(0.9 
~A/kH21 
f + 100 


(CL = 50 pF on all outputs, all 
buffers switching) 


-Tlow:: 
-55°C 
for AL Device, -40oC for CLlCP 
Device. 


Thigh:: 
+12SoC for AL Device, +8SoC for CL/CP 
Device. 


~Noise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" 
level:: 
1.0 Vdc min@VDO 
:: 5.0 Vdc 
2.0 Vdc min@l VOO 
= 10 Vdc 
2.5 Vdc min @lVOO 
= 15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


ITICL) 
= 'T(50 
pFI + 1 • 10-3 (CL -501 VOO' 
where: IT is in IAA (per package), CL in pF. VOD in Vdc, and f in kHz is input frequency. 
--The 
formulas given are for the typical characteristics only at 2SoC. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
ITLH 
ns 


ITLH 
= (3.0 ns/pF) 
CL + 30 ns 
5.0 
- 
180 
360 
ITLH 
= (1.5 ns/pF) 
CL + 15 ns 
10 
- 
90 
180 
ITLH 
= 11.1 ns/pF) 
CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
ITHL 
ns 
ITHL 
= 11.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 
ITHL 
= 10.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 


ITHL 
= 10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
IpLH. 
ns 


IpLH. 
IpHL 
= 11.7 ns/pF) 
CL + 215 ns 
IpHL 
5.0 
- 
300 
600 
IpLH. 
IpHL 
= 10.66 ns/pF) 
CL + 97 ns 
10 
- 
130 
260 


IpLH 
IpHL 
= 10.5 ns/pF) 
CL + 65 ns 
15 
- 
90 
180 


Inputs 
B, C. and 0 
switching 
in respect 
to a BCD 
code. 


All outputs 
connected 
to respective 
C L loeds. 


f in respect 
to a system 


clock. 


VDD 


VSS 


tPHL 


VOH 


VOL 


tTHL 


This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however. it isad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im· 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range VSS " 
(Vin or Vout) 


';VOO' 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vaal. 


APPLICATION 
INFORMATION 


Expanded decoding can be performed by using the 
MC14028B and other McMOS Integrated Circuits. The cir- 
cuits in Figure 2 converts any 4-bit code to a decimal or 
hexadecimal code. The accompanying table shows the 
input binary combinations, the associated"output num- 
bers" that go "high" 
when selected, and the 
redefined 
output 
numbers 
needed for the proper code. For ex· 


ample: ror 
the combination 
DCBA = 0111 the outpu1 
number 7 is redefined for the 4-bit binary, 4-bit gray, ex- 
cess-3,or excess-3gray codes as7, 5, 4, or 2, respectively 
Figure 3 shows a 6-bit binary 1-of-64 decoder using nine 
MC14028B circuits and two MC14069B inverters. 


The MC14028B can be used in decimal digit displays, 
such as, neon readouts or incandescent projection 
indi- 


cators 
as shown 
in Figure 
4. 


Inputs 
~DeB 
A 
II I 


109 


D 
C 
B 


MC14028B 


- - - - - - 


II J 
15 
----- 
, 


:J 
I0: 
~~1~0~BB~ 
_:J 


I 
I I I 
I 


-8 
7-------0 


/ 
v 


Output 
Numbers 


CODE AND REDEFINED 
OUTPUT NUMBERS 


Hexadecimal 
Decimal 
':' '" 
.';:: ~ 
~~ 
c 
.<.: > 
~ 


m N 
INPUTS 
OUTPUT NUMBERS 
cc" 
~:! 
m 
" 
-" 
N 
, 
c 


D 
C 
B 
A 
1514131211 
10 9 
B 
7 
6 
5 
4 
3 
2 
1 
0 
-=tCij 
"'l? 
~l? 
<i 
..• 
w 
w 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
2 
3 
0 
2 
2 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
3 
2 
0 
3 
3 


0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
4 
7 
1 
4 
4 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
5 
6 
2 
3 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
6 
4 
3 
1 
4 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
7 
5 
4 
2 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
8 
15 
5 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
14 
6 
5 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
12 
7 
9 
6 
1 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
13 
8 
5 


1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
8 
9 
5 
6 
1 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
9 
6 
7 
7 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
11 
8 
8 
8 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
15 
10 
7 
9 
9 


QO 
Ql 
Q2 
Q3 
Q4 


Q5 
Q6 
Q7 


QB 
Q9 --0---- 


Circuit 
diagrams utilizing 
Motorola 
products 
are Included as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 


complete 
information 
sufficient 
for 
construction 
purposes is nOt 
necessarily given. 
The Information 
has been carefully 
checked and 


Appropriate 


~ 


---~~:~.- 
.. 


9 
2 
1 
0 
---- 
-- -- -- 


IS believed 
to 
be 
entirely 
reliable. 
However, 
no responsibility 
is 
assumed for 
Inaccuracies. 
Furthermore, 
such information 
does not 


convey 
to the purchaser of the semiconductor 
devices described any 
license under the patent nghts of Motorola 
Inc. or others. 
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The MC14029B 
Binary/Decade up/down counter is constructed 
with 
MaS 
P-channel and N-channel enhancement mode devices 
in a single monolithic 
structure. 
The counter 
consists of type 0 
flip-flop 
stages with 
a gating structure to provide toggle flip-flop 
capability. The counter can be used in either Binary or BCD opera- 
tion. This complementary MaS counter finds primary use in up/down 
and 
difference 
counting 
and frequency 
synthesizer applications 
where low power dissipation and/or high noise immunity 
is desired. 
It is also useful in A/D and D/A conversion and for magnitude and 


sign generation. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5.0 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Proection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Low Input Capacitance - 5.0 pF typical 


• 
Internally Synchronous for High Speed 


• 
Logic Edge-Clocked Design - Count Occurs on Positive 
Going Edge of Clock 


• 
8.0 MHz Counting Rate Typ at 10 Vdc 


• 
Asynchronous Preset Enable Operation 


• 
Capable of Driving Two Low-Power TTL Loads, 
One Low-Power Schottky TTL Load or Two HTL Loads 
Over the Rated Temperature Range 


• 
Pin for Pin Replacment for CD4029B 


MAXIMUM 
RATINGS 
IVoltagesreferencedto VSSI 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 
to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VOD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T 5t9 
-65 
to +150 
°c 


Preset 
--- 
Up/Down 
Enable 
Action 
Carry 
In 
, 
X 
0 
1\10 Count 


0 
1 
0 
Gount 
Up 


0 
0 
0 
Count Down 


X 
X 
1 
Preset 


MC14029B 


BINARY/DECADE 
UP/DOWN 
COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


.c,,,'" 1~SUffiX Denotes 


l 
Ceramic Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Mi" 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"". 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vi" 
"'"a or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" level 
VIL 
Vdc 
IVO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
= 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
IVO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V'H 
IVO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


IVo 
= 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (AL Device) 
'OH 
mAde 
IVOH = 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


IVOH = 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.7 
- 


IVOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
taL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


IVOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current ICLlCP Device) 
'OH 
mAde 
IVOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
.- 


IVOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL = 0.4 Vdc) 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
± 0.1 
- 
±O.OOOOI 
±O.l 
- 
± 1.0 
/.lAde 


Input 
Current 
(CUCP 
Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
± 0.3 
- 
± 1.0 
,uAdc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IVin = 01 


Quiescent Current (AL Device) 
'DO 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
~ 
0.D15 
20 
- 
600 


Quiescent 
Current 
(CLlCP 
DeVIce) 
'00 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.D15 
80 
- 
600 
Total Supply Current-· 
t 
IT 
5.0 
IT = 10.58 ~A/kHz) 
f + 'DO 
,uAdc 


(Dynamic 
plus 
Quiescent, 
10 
'T = 11.2 ~A/kHz) 
f + 'DO 
Per Package) 
15 
IT = 11.7 ~A/kHz) 
f + 'DO 
(CL = 50 pF on all outputs, all 


buffers 
switching) 


-Trow = -55°C 
for AL Device, -400C 
for CLlCP 
Device. 


Thigh = +1250C 
for AL Device, +850C for CLlCP 
Device. 


.:Noi5e Immunity 
specified for worst·case input combination. 


NOIseMargin for both "1" and "0" 
level = 1.0 Vdc min @ VDO 
= 5.0 Vdc 
2.0 Vdc min @ VOO 
= 10 Vdc 
2.5 Vdc min@ 
VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF; 


'TICLI 
= 'T(50 
pFJ + 1 x 10-3 
ICL -SOl VOOf 
where; IT is in j.JA (per package), CL in pF. VOO in Vdc. and f in kHz is input frequency. 


"The 
formulas given are for the typical characteristics only at 250C. 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that nprmal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. 
For proper operation 
it is recommended that Vin and Vout be constrained to the range VSS '" (V in or Vout) 


o;;VOO· 
Unused inputs must always be tied to an appropriate logic voltage level le.g., either VSS or VOOI. 


All Types 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


'r' 
13.0ns/pF) CL + 30 ns 
5.0 
- 
100 
200 


tr = (1.5 ns/pF) CL +15 ns 
10 
- 
50 
100 


tr = (1.1 ns/pFI CL + 10 ns 
15 
- 
40 
80 


Output Fall Time 
tTHL 
ns 


If' 
11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
If' 
10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
If' 
10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
'PLH. 
ns 


Clk to a 
tpHL 


tPLH.lpHL' 
11.7ns/pFI CL + 23005 
5.0 
- 
200 
400 


'pLH. 'PHL' 
10.66 ns/pFI CL + 97 ns 
10 
- 
100 
200 
tpLH. 'pHL' 
(0.5 ns/pFI CL + 75 ns 
15 
- 
90 
180 


Clk to Cout 
tpLH. 
ns 


'PLH. tpHL ' 11.7 ns/pFI CL + 230 ns 
tPHL 
5.0 
- 
250 
500 


'pLH. tpHL ' 10.66 ns/pFI CL + 97 ns 
10 
- 
130 
260 


'pLH. 'PHL' 
10.5 ns/pF) CL + 75 ns 
15 
- 
85 
190 


Cin to Cout 
'pLH. 
ns 


'pLH. 'PHL ' 11.7 ns/pF) CL + 95 ns 
tPHL 
5.0 
- 
175 
350 


'pLH. 'PHL' 
10.66 ns/pFI CL + 47 ns 
10 
- 
50 
100 


tpLH. tpHL = <0.5 ns/pFI CL + 35 ns 
15 
- 
50 
100 


PE to Q 
tPLH. 
ns 
'PLH. 'PHL ' 11.7 ns/pFI CL + 230 ns 
'PHL 
5.0 
- 
235 
470 
'pLH. tPHL' 
10.66 ns/pFI CL + 97 ns 
10 
- 
100 
200 
'PLH. tPHL ' 10.5 ns/pFI CL + 75 ns 
15 
- 
80 
160 


PE to Cout 
'PLH. 
ns 


tpLH. tPHL 
= (1.7 ns/pF) CL + 465 ns 
'PHL 
5.0 
- 
320 
640 


tpLH. tPHL 
= (0.66 ns/pF) CL + 192 ns 
10 
- 
145 
290 


'PLH. 'PHL' 
10.5 ns/pF) CL + 125 ns 
15 
- 
105 
210 


Clock PulseWidth 
twlell 
5.0 
- 
90 
180 
ns 


10 
- 
40 
80 


15 
- 
30 
60 


Clock Pulse Frequency 
lei 
5.0 
2.0 
4.0 
- 
MHz 


10 
4.0 
8.0 
- 


15 
5.0 
10 
- 


Preset Removal Time-- 
trem 
5.0 
- 
80 
160 
ns 


10 
- 
40 
80 


15 
- 
30 
60 


Clock Rise and Fall Time 
trlell 
5.0 
- 
- 
15 
'" 
tHeli 
10 
- 
- 
15 


15 
- 
- 
15 


Carry In Setup Time 


'su 
5.0 
140 
70 
- 
ns 


10 
60 
30 
- 


15 
40 
20 
- 


Up/Down 
Setup Time 
5.0 
340 
170 
- 
ns 


10 
140 
70 
- 


15 
100 
50 
- 


Binary/Decade Setup Time 
5.0 
320 
160 
- 
ns 


10 
140 
70 
- 


15 
100 
50 
- 


Preset Enable Pulse Width 
tw 
5.0 
130 
65 
- 
ns 


10 
70 
35 
- 


15 
50 
25 
- 


• 


Programmable 
Pulse 
Generator 


Carry 
In or 


Up/down 
or Binary/Decade 


Voo 


Vss 
Voo 


Vs_s 
Voo 


Vss 
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TRIPLE SERIAL 
ADDERS 


The MC14032B and MC14038B triple serial adders have the clock 
and carry 
reset inputs common to all three adders. The carry is 
added on the positive-going clock transition for the MC14032B, and 
on the negative-going clock transition 
for the MC14038B_ Typical 


applications include serial arithmetic units, digital correlators, digital 
servo 
control 
systems, 
datalink 
computers, 
and 
flight 
control 
computers. 


• 
Static Operation from de to 5.0 MHz 


• 
Buffered Outputs 


• 
Single-PhaseClocking 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schollky 
TTL Load or Two HTL Loads Over the Rated Tempera- 


ture Range. 


• 
Pin-for-Pin Replacement for CD4032B and CD4038B. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vi" 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
Al 
Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to +85 


Stor(;lge Temperature 
Range 
T stg 
-65 to +150 
°c 


This device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damag:! due to high 


static voltages or electric fields; however, it is advised that normal f:recautions be 
taken 
to avoid application 
of any voltage 
higher than 
maximum 
reUd voltages to 
this high impedance circuit. 
For proper operation 
it is recommended that Vin and 
Vout be constrained 
to the range VSS" 
(Vin or Vout) 
" VOO. 


Unused 
inputs 
must 
always 
be tied 
to an 
appropriate 
logic 
volta·~e 
level 
(e.g., 
either 
VSS or VOO). 


MC14032B 
MC14038B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


."om 11SUffiX 
Denotes 


L 
Ceramic 
Package 
P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


A110 


B111 


Invert 
1 
7 


A213 
B212 


Invert 
2 
5 


A315 
B314 


Invert 
3 
2 


Clock 
3 


Carry Reset 
6 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Mi" 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin:: 
VOO 
orO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin '"0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage-U 
"0" 
Level 
VIL 
Vdc 
{Va 
= 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
"1" Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


{Va 
= 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


{VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


{VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdc) 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Device) 
lin 
15 
- 
±O.l 
- 
to.OOOOl 
to.l 
- 
± 1.0 
,uAde 


Input Current 
(CUGP 
Device) 
lin 
15 
- 
± 0.3 
- 
to.00001 
±O.3 
- 
t 1.0 
J.JAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IV;n = 01 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/-lAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CUGP 
Devicel 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IlAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current--t 
IT 
5.0 
IT = lO.96 .A/kHz) 
, + IDO 
J.lAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = 11.93 .A/kHz) 
f + I DO 


Per 
Package) 
15 
IT = (2.8 .A/kHzI 
f + 100 
(el 
= 50 pF Qn all outputs, 
all 


buffers 
switching) 


·Tlow:: 
-55°C 
for AL Device, -40oC 
for CLlCP 
Device. 


Thigh:: 
+1250C 
for AL Device, +850C for CL/CP 
Device . 


.=Noise Immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" 
level:: 
1.0 Vdc min@ 
VDD 
= 5.0 Vdc 


2.0 Vdc min @ VDD 
= 10 Vdc 
2.5 Vdc m;n @ VDD 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'T(CLI 
= IT{50 pFI + 3.10-3 
(CL -50) VDDI 
where: 
IT is in JJA (per package). CL in pF. VDD 
in Vdc, and f in kHz is input frequency . 


• ·The 
formulas give~ are for the typical characteristics only at 25°C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vde 


Output Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pFJ CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH, 
ns 


A,8 
or Invert to Sum 
tpHL 
tPLH, tpHL 
= 11.7 ns/pFJ CL + 195 ns 
5.0 
- 
280 
1400 


tpLH, 
tpHL 
= 10.66 ns/pFI CL + 87 ns 
10 
- 
120 
300 


tPLH, tPHL = 10.5 ns/pFI CL + 65 ns 
15 
- 
90 
230 


Clock to Sum 
ns 


tPLH, tpHL 
= 11.7 ns/pFI CL + 415 ns 
5.0 
- 
500 
2400 


tPLH, tpHL 
= 10.66 ns/pFJ CL + 147 ns 
10 
- 
180 
600 


tpLH, 
tpHL 
= 10.5 ns/pFI CL + 110 ns 
15 
- 
135 
450 


Input Setup Time 
tsu 
5.0 
10 
-10 
- 
ns 
10 
10 
0 
- 


15 
10 
0 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
4.0 
1.0 
MHz 
10 
- 
10 
2.5 


I Clock Rise and Fall Times 


15 
- 
12 
4.0 


tTHL, 
tTLH 
5.0 
- 
- 
15 
,.. 


10 
- 
- 
15 
15 
- 
- 
15 


Word 
1: 
0.0111100 
= +60 


Word 2: 
0.0110010 
= +50 
0.1101110=+..,....,.-0 


Word 3: 
1.1011011 
= -37 


Word 4: 
1.1001110 
= -50 
1.0101001 
= -87 


Word 
1: 
1.1000011 
""-61 


Word 2: 
1.1001101 
= -51 
1.0010000 
= =1'i2 


Word 3: 
0.0100100::1: 
+36 


Word 4: 
0.0110001 
"" +49 
0.1010101 
:::+~5 • 


Vos 
= VOH 
- 
VOO 


VOO'" 
- 
VGS 
VOH 


VOS=VOL 


VOO 
= VGS 
VOL 


Voo 


VSS 


_______ 
r::: 


Programmable 


Pulse 


Generator 
S2 
tJJ 


MC14032B 


VOO 


VSS 


VOO 


VSS 


'su 


---VOO 


VSS 


VOH 


VOL 


MC14038B 


VOO 


VSS 


VOO 


VSS 


VOO 


J'PLH 
VOH 


VOL 


• 


® MOTOROLA 


a·BIT UNIVERSAL 
BUS REGISTER 


The 
MC14034B 
is a 
bidirectional 
8·bit 
static 
parallel/serial, 


input/output 
bus register. The device contains two 
sets of input/ 


output 
lines which allows the bidirectional 
transfer of data between 
two 
buses; the conversion 
of 
serial data to parallel form, 
or the 
conversion 
of 
parallel data to 
serial form. 
Additionally 
the serial 
data input allows data to be entered shift/right, 
while shift/left 
can 
be accompolished by hard·wiring each parallel output to the previous 
parallel bit input. 


Other useful applications 
for this device include pseudo·random 
code generation, 
sample and hold 
register, frequency 
and phase· 


comparator, 
address or 
buffer 
register, and serial/parallel 
input/ 


output 
conversions. 


• 
Bidirectional 
Parallel Oata Input 
• 
Quiescent Current = 10 nA/package tvpical 
@ 5 Vdc 
• 
1Il0iseImmunitv 
= 45 % of VDD typical 
• 
Diode Protection on All Inputs 
• 
SUpplY Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Static Operation 0 to 5.0 MHz @ VDD = 10 Vdc 
• 
Single Supply Operation = Positive or Negative 
• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky 
TTL Load or Two HTL Loads Over the Rated 
Temperature 
Range. 


• 
Pin·for·Pin Replacement for CD40348. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5to+18 
Vdc 


Input Voltage, 
All Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
'0 
mAde 


Operating Temperature 
Range - 
AL De\lice 
TA 
•-55 to +'25 
°c 
C LlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +'50 
°c 


This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric 
fields; however, 
it is advised that 
normal 
precautions 
be taken to 
lIVoid application 
of 
any voltage higher than maximum 
rated voltages to this high 


impedance 
circuit. 
For 
proper operation 
it is recommended 
that 
Vin 
and Vout 
be 
constrained 
to the range VSS <; (Vin or Vout) 
<; Voa· 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vss 
or VDD). 


MC14034B 


,.1'- 
, 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
709 


M'''",'' 1~SUffiXOenote. 


L 
Ceramic 
Packege 


P 
PI •• tic 
Package 


A 
Extended 
Operating 


Temperatur. 
Range 


C 
Limited 
Operating 


Temperature 
Renge 


PIS 


Os 
(Serial Input) 


A/8 


A/S 


C 
(Clock) 


8 
7 
6 
5 
4 
3 


8' 
82 
83 
84 
85 
86 


VOO'= 
Pin 24 


VSS 
= Pin 
12 


Voo 
Tlow. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Ou tpu 
t Vol 
tage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin"'VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


", 
.. Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
c= 0 or Van 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage.l% 
"0" Level 
VIL 
Vdc 


IVO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVO • 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


IVO' 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


IVO' 
0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO' 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
IVO' 
1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
lAL 
Device) 
IOH 
mAde 


IVOH' 
2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
IVOH • 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
1VOH : 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


IVOH: 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
IVOL • 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


IVOL 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CL/CP 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH 
= 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH 
= ~.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


IVOH' 
13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL: 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL: 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
- 
±O.l 
- 
±0.00001 
±0.1 
- 
± 1.0 
/JAde 


Input Current 
(CLlCP 
Device) 
lin 
15 
- 
± 0.3 
- 
±O.OOOOI 
±0.3 
- 
± 1.0 
/JAde 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin'" 
0) 


Quiescent Current (AL Device) 
IDD 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
J,lAdc 


(Per 
Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


Quiescent Current 
(CLlCP 
DevIce) 
IDD 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
J,.tAdc 


(Per 
Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 


15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply Current··t 
IT 
5.0 
IT = 
12.2 ~A/kHz) 
f + IDD 
IJ.Adc 
(Dynamic 
plus Quiescent, 
10 
IT = 
14.4 ~A/kHz) 
f + IDD 
Per Package) 
15 
IT = 
16.6 ~A/kHz) 
f + IDD 


ICL : 50 pF on all outputs. all 
buffers switching) 


3·State Output 
Leakage Current 
ITL 
15 
- 
±0.1 
- 
±0.0001 
to.l 
- 
t3.0 
~Adc 


(AL 
Device) 
- 
- 
- 


3·State Output 
Leakage Current 
ITL 
15 
- 
±1.0 
- 
to.OOOl 
t1.0 
- 
±7.5 
~Adc 
(CL/CP 
Device) 
- 
- 
- 


-Tlow 
'",-55°C 
for AL Device, -40oC 
for CLlCP 
Device. 


Thigh'" 
+12SoC for AL Device. +8SoC for CL/CP 
Device. 


.ttNoise immunity 
specified for worst-case input combination. 


Noise Margin for both .,," 
and "0" level '" 
1.0 Vdc min @ VOO 
""S_OVdc 


2.0 Vdc min@ 
VOO 
'" 10 Vdc 
2_5 Vdc min @ Vaa 
"" 15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


IT(CL) 
= ITI50 pF) +4 
x 10-3 
(CL -50) 
VDDf 
~here: 
IT is in IJA (per package). CL in pF. VOO 
in Vdc. 


a"d f in kHz is input frequency. 
- -The 
formulas given are for the typical characteristics only at 2SoC. • 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vdc 


Output 
Rise Time 
A or 8 
'TLH 
ns 


'TLH = 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


'TLH 
= 11.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 


'TLH 
= (1.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
A or 8 
'THL 
ns 


'THL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


'THL 
= {0.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


'THL 
= (C.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


ProPagation 
Delay 
Time 


A (8) 
Synchronous 
Paralles Data 
Input, 
IPLH, 
ns 


B (A) Parallel Oala OUlpul 
'pHL 
'pLH, 
'pHL 
= (1.7 ns/pF) CL + 440 ns 
5.0 
- 
525 
1050 


tPHL, tpHL 
= (0.66 ns/pFI CL + 172 ns 
10 
- 
205 
410 


'pLH, 
tpHL 
= 10.5 ns/pF) CL + 120 ns 
15 
- 
145 
290 


Propagation 
Delay 
Time 


A (8) 
Asynchronous 
Parallel 
Data 
Input 
tpLH, 
ns 


B (AI 
Parallel 
Data Output 
tpHL 


tpLH, 
tpHL 
= 11.7 ns/pF) CL + 420 ns 
5.0 
- 
505 
1010 


tpLH, 
'pHL 
= 10.66 ns/pF) CL + 147 ns 
10 
- 
180 
360 


tPLH, tPHL = 10.5 ns/pFI CL + 105 ns 
15 
- 
130 
260 


Clock 
Pulse Width 
twH 
5.0 
340 
170 
10 
140 
70 
- 


15 
110 
55 
- 


Clock 
Pulse Frequency 
fel 
5.0 
2.5 
1.2 
MHz 


10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 


Clock 
Pulse Rise 
tTLH,lTHL 
5.0 
15 
IlS 


10 
- 
- 
15 


15 
- 
- 
15 


A, 8 Input 
Setup Time 
'su 
5.0 
100 
35 
ns 


10 
45 
15 
- 


15 
35 
12 
- 


High Level SE, PIS, 
A/S Pulse Width 
twH 
5.0 
600 
200 
ns 
10 
270 
90 
- 


15 
200 
BO 
- 


"A" 
Enable 
PIS 
A/B 
A/S 
MODE 
OPERATIONt 


0 
0 
0 
X 
Serial 
Synchronous 
Serial 
data 
input, 
A and B parallel 
data outputs 
disabled. 


0 
0 
1 
X 
Serial 
Synchronous 
Serial data 
input, 
B·Parallel 
data output. 


0 
1 
0 
0 
Parallel 
B Synchronous 
Parallel 
data 
inputs, 
A-Parallel 
data outputs 
disabled. 
0 
1 
0 
1 
Parallel 
B Asynchronous 
Parallel 
data 
inputs, 
A·Parallel 
data 
outputs 
disabled. 
0 
1 
1 
0 
Parallel 
A-Parallel 
data inputs 
disabled, 
B·Paraliel 
data 
outputs. 
0 
1 
1 
1 
Parallel 
A-Parallel 
data inputs disabled, 
B-Parallel 
data 
outputs. 


1 
0 
0 
X 
Serial 
Synchronous 
serial data 
input, 
A-Parallel 
data outPut. 


1 
0 
1 
X 
Serial 
Synchronous 
serial data 
input, 
B·Parallel 
data output. 


1 
1 
0 
0 
Parallel 
B-Synchronous 
Parallel 
data 
input, 
A-Parallel 
data output. 


1 
1 
0 
1 
Parallel 
B·Asynchronous 
Parallel 
data 
input, 
A-Parallel 
data output. 


1 
1 
1 
0 
Parallel 
A-Synchronous 
Parallel 
data 
input, 
B-Parallel 
data output. 


1 
1 
1 
1 
Parallel 
A-Asynchronous 
Parallel 
data 
input, 
B-Parallel 
data output. 


X'" 
Don't 
Care 


tOutputs 
change at positive 
transition 
of clock 
in the serial mode 
and when 
the A!S 
input 
is low in the parallel 
mode. 


During 
transfer 
from 
pa,allel 
to serial operation, 
AlS 
should 
remain 
low 
in order 
to prevent 
Os transfer 
into flip-flops. 


Data 


Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 


Serial Data 
Input 


Enable 
A 


EXPANDED 
A/8 


BLOCK DIAGRAM 
Parallel/Serial 
PIS 
Control 


Logic 


Asyn/Syn 
A/S 


Clock 


81 
82 
83 
84 
85 
86 
87 
88 


Data 


The MC14034B is composed of eight register cells con· 
nected in cascade with 
additional 
control 
logic. Each 


register cell is composed of one "0" master-slavefl ip-flop 
with separate internal clocks, and two data transfer gates 
allowing the data to be transferred bidirectionally 
from 


bus A to bus B and from 
bus B to bus A, and to be 
memorized. Besidesthe single phaseclock and the serial 
data inputs, the control logic providesfour other features: 


A Enable Input - 
When high, this input enables the 
bus A data lines. 


A/B 
Input 
(Data A or B) - 
This input controls the 


direction of data flow: 
when high, the data flows from 


bus A to bus B; when low, the data flows from bus B 
to bus A. 


P/S Input 
(Parallel/Serial) - 
This input controls the 
data input mode (parallel or serial). When high, the data is 
transferred to the register in a parallel asynchronous mode 
or a parallel synchronous mode (positive clock transition). 
When low, the data is entered into the register in a serial 
synchronous mode (positive clock transition). 
A/S Input (Asynchronous/Synchronous to the Clock) 
- 
When this input is high, the data is transferred inde· 


pendently from 
the clock rate; when low, the clock is 
enabled and the data is transferred synchronously. 


A2 A3A4A5A6A7 
17 18 19202122 
_l...L1..L 


6 Stages 
(Same 
as 


Stage 
1) 


A/B 
11 


Serial 
10 
Data 
Parallel 
13 


Serial 


-.....•-.....•- 
765432 
8283 
B4 85.86 
B7 


\_-- 


Programmable 
Pulse 
Generator 


Serial 
Data 
VOO 


PIS 


A/S 


Clock 


A "High" 
("Low") 
on the Shift 
Left/Shift 
Right input allows serial 


data on the Shift 
Left Input (Shift Right Input) to enter the register 
on the positive transition of the clock signal. A "high" 
on the "A" 


Enable Input disablesthe "A" 
parallel data lines on Reg. 1 and 2 and 
enablesthe "A" 
data lines on registers3 and 4 and allows parallel data 
into registers 1 and 2. Other logic schemesmay be used in place of 
registers3 and 4 for parallel loading. 


When parallel inputs are not used Reg. 3 and 4 and associated logic 
are not required. 


Circuit 
diagrams utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The information 
has been carefully 
checked 
and 


is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibility 
is 


assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey 
to the purchaser of the semiconductor 
devices described any 
license under the patent rights of Motorola 
Inc. or others. 
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4-BIT PARALLEL-IN/PARALLEL-OUT 
SHIFT REGISTER 


The 
MC14035B 
4-bit 
shift 
register 
is constructed 
with 
MOS 
P- 


channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single mono- 
lithic 
structure. 
It consists 
of a 4-stage 
clocked 
serial-shift 
register 
with 
synchronous 
parallel 
inputs 
and 
buffered 
parallel 
outputs. 
The 
Parallel/Serial 
(P/S) 
input 
allows 
serial-right 
shifting 
of data 
or syn- 
chronous 
parallel 
loading 
via inputs 
DpO thru 
Dp3. 
The 
True/Com- 
plement 
(T /C) input 
determines 
whether 
the 
outputs 
display 
the 
Q 
or Q outputs 
of the flip-flop 
stages. 
J-K logic forms 
the serial input 
to the 
first 
stage. 
With the J and 
K inputs 
connected 
together 
they 
operate 
as a serial "D" 
input. 


This 
device 
may 
be effectively 
used for shift-right/shift-Ieft 
regis- 
ters, 
parallel-to-serial/serial-to-parallel 
conversion, 
sequence 
genera- 
tion, 
up/down 
Johnson 
or ring counters, 
pseudo-random 
code gener- 
ation, 
frequency 
and 
phase 
comparators, 
sample 
and 
hold 
registers, 
etc ... 


• 
4-Stage 
Clocked 
Serial-Shift 
Operation 


• 
Synchronous 
Parallel 
Loading 
of all Four 
Stages 


• 
J-K Serial 
Inputs 
on First Stage 


• 
Asynchronous 
True/Complement 
Control 
of all Outputs 


• 
Fully 
Static 
Operation 


• 
Asynchronous 
Master 
Reset 


• 
Data Transfer 
Occurs 
on the Positive-Going 
Clock Transition 


• 
No Limit on Clock 
Rise and Fall Times 


• 
All Inputs 
are Buffered 


• 
6.0 MHz Operation 
@ VDD = 10 Vdc 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, One 
Low-power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper- 
ature 
Range 


Rating 
Symbol 
VaIUI! 
Unit 


DC Supply Voltage 
VOO 
-0,5 to ""8 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOD + 0.5 
Vdc 


DC Current 
Drain 
per Pm 
I 
10 
mAde 


Operating Temperature Range - AL Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to 1-85 


Storage 
Temperature 
Range 
Tstg 
-65 to + 150 
°c 


INPUTS 
to OUTPUT 


C 
J 
K 
R 
00 
....r 
0 
0 
0 
0 
....r 
0 
1 
0 
oO(n- 
1) 
....r- 
1 
0 
0 
QO (n· 1) 


....r- 
1 
1 
0 
1 
~ 
x 
x 
0 
aOI(n-1) 


x 
x 
x 
1 
0 


x'" 
Don't 
Care 
PIS" 
0 "'"Serial 
Mode 
TIC'" 
1 
I: True 
Outputs 


MC140358 


4-BIT 
PARAL L EL-I N/PARALLE 
L-OUT 


SHIFT REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


""m"11SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


BLOCK 
DIAGRAM 


9 
DpO 


10 
Dp1 
00 


11 
Dp2 


12 
Dp3 
Q1 
15 


PIS 


4 
Q2 
14 


3 
K 


Q3 
13 
Clock 


TiC 
R 


5 


VOO 
'" Pin 
16 


VSS"" 
Pin 8 


• 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 
Vin-VODorO 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 


15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin ""0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VottageP 
"0" 
Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH 
= 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
-' 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (CUe? 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
to.l 
- 
±0.00001 
±O.l 
- 
± 1.0 
/-lAde 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
± 0.3 
- 
±1.0 
,uAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V;n = OJ 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
150 
/-lAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(CUCP 
DeVice) 
'DO 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
.uAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current--t 
IT 
5.0 
IT = (1.0 I'A/kHz) 
f + IDO 
/-lAde 


(Dynamic 
plus 
Quiescent, 
10 
IT = (2.0 I'AlkHz) 
f + 100 
Per 
Package) 
15 
IT = (3.0 I'AlkHz) 
f + IDO 
(CL 
= 50 
pF on all outputs, 
all 


buffers switching) 


-Tlow 
"'"-55°C 
for AL Device. -400C 
for CLlCP 
Device. 


Thigh"'" +1250C 
for AL Device. +8SoC for CLlCP 
Device. 


~Noise immunity 
specified for worst-case input combination. 


NOise Margin for both "1" and "0" 
level"'" 1.0 Vdc min @ VDD 
'" 5.0 Vdc 


2.0 Vdc min @ VOD 
'" 10 Vdc 
2.5 Vdc min@ 
VDD 
"'"15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


IT(CLJ 
= IT(50 pFJ + 1 x 10-3 
(CL -50) VOOI 
where: IT is in ~A (per package). CL in pF, VOO 
in Vdc. and f in kHz is input frequency. 


- -The 
formulas given are for the typical characteristics only at 2SoC. 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 
pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained to the range VSS 
C;;; (Vin or Vout) 
",VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either VSS or VooL 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vdc 


Output 
Rise Time 
tTLH 
ns 
tTLH: 
13.0 ns/pFI 
CL + 25 ns 
5.0 
- 
180 
360 


'TLH 
= (1.5 ns/pFJ CL + 12 ns 
10 
- 
90 
180 


tTLH 
= (1.1 ns/pFI 
CL +8.0ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 
tTHL 
= (1.5 ns/pFI 
CL + 47 ns 
5.0 
- 
100 
200 
tTHL 
= (0.75 ns/pF) 
CL + 24 ns 
10 
- 
50 
100 
tTHL 
= (0.55 ns/pF) 
CL + 17 ns 
15 
- 
40 
80 


Propagation Delay Time, 
Clock or Reset to a 
tpLH, 
ns 


tPHL 
tPLH, 
tpHL = (1.75 ns/pF) 
CL + 223 ns 
5.0 
- 
300 
600 
tPLH, tpHL = (0.70 ns/pF) CL + 89 ns 
10 
- 
130 
260 
tPLH. tPHL = 10.53 ns/pF) CL + 67 ns 
15 
- 
95 
190 


Clock Pulse Width 
twH 
5.0 
335 
135 
- 
ns 
10 
165 
45 
- 
15 
125 
40 
- 


Reset Pulse Width 
'WH 
5.0 
400 
80 
- 
ns 
10 
175 
40 
- 


15 
130 
35 
- 


Clock Pulse Rise and Fall Time 
tTLH, 
tTHL 
5.0 
- 
10 
No limit 
15 


Clock Pulse Frequency 
fel 
5.0 
- 
2.5 
1.2 
MHz 
10 
- 
6.0 
2.0 
15 
- 
10 
3.0 


J·K Setup Time 
tsu 
·5.0 
500 
120 
- 
ns 


10 
200 
50 
- 
15 
150 
30 
- 


PIS Control 
Setup Time 
tsu 
5.0 
500 
25 
- 
ns 
10 
200 
10 
- 
15 
150 
7.5 
- 


Parallel 
Input setup Time 
'su 
5.0 
500 
90 
- 
ns 
10 
200 
20 
- 
15 
150 
15 
- 
• 


1303 


K 


1402 


C 
6 


1501 


R 
, 
00 
TIC 
2 


Right 
Shift o--------~ 
Serial Input 


Reset 0-------------' 


@ MOTOROLA 


TRIPLE SERIAL ADDERS 


The MC14032B and MC14038B triple serial adders have the clock 


and carry reset inputs common to all three adders. The carry is 
added on the positive·going clock transition for the MC14032B, and 
on the negative·going clock transition 
for the MC140388. Typical 
applications include serial arithmetic units, digital correlat:>rs,digital 
servo control 
systems, datal ink 
computers, 
and fligbt 
control 


computers. 


• 
Static Operation from dc to 5.0 MHz 


• 
Buffered Outputs 


• 
Single·PhaseClocking 


• 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Pin·for-Pin Replacement for CD4032B and CD40388. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOD + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operatmg 
Temperature 
Range 
- 
AL DevIce 
TA 
-55 to + 125 
°c 
CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


This device 
contains 
circuitry 
to protect 
the inputs 
against 
damage 
due to high 
static 
voltages 
or electric 
fields; 
however, 
it is advised that 
normal 
pmcautions 
be 


taken to avoid application 
of any voltage higher than maximum fated voltages:to 
this high impedance circuit. 
For proper operation 
it is recommended that Vin and 
Vout 
be constrained 
to the range VSS";;; (Vin or Voutl.;; 
VOO. 


Unused 
inputs 
must 
always 
be tied 
to 
an appropriate 
logic 
voltage 
level 
(e.g .• 


either 
VSS or VODI. 


MC140388 
FOR COMPLETE DATA 
SEE MC14032B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;Xc.::;:t::Ckage 


C P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


A110 


6111 


Invert 
1 
7 


A213 
6212 


Invert 
2 
5 


A315 
B31. 
Invert 
3 
2 


Clock 
3 


Carry Reset 
6 


LOGIC DIAGRAMS 
(ONE SECTION AND COMMON 
INPUTS SHOWN) 


I 
-------------l 


~sIf 


1 


To 
Next 


~ Stl'qe 


The MC14040B 12-stage binary counter is constructed with MOS 
P-channeland N-channel enhancement mode devices in a single mono- 
lithic 
structure. 
This part is designed with 
an input wave shaping 
circuit 
and 12 stages of 
ripple-carry 
binary counter. 
The device 


advances the count on the negative-going edge of the clock pulse. 
Applications 
include time delay circuits, counter controls, and fre- 


quency-driving circuits. 


• 
Fully Static Operation 


• 
Ouiescent Current = I 5.0 nA/package typical @ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3_0Vdc to 18 Vdc 


• 
Low Input Capacitance = 5.0 pF typical 


• 
Capable of Driving Two Low-Power TTL Loads, One Low-power 


Schottky TTL Load or Two HTL Loads Over the Rated 
Temperature Range. 


• 
Common Reset Line 


• 
13 MHz Typical Counting Rate @ VDD = 15 V 


• 
Pin-for-Pin Replacement for CD4040B 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 


C LlC? 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


04 = Pin 5 
as:: Pin 3 
06 = Pin 2 


07"" 
Pin 4 


08"" 
Pin 13 
09" 
Pin 12 


VOD::II 
Pin 16 


VSS = Pin 8 


~~ 
JI~~ 
U U,.~'l~ ~~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


.C"'''"r,.". 
O~.". 
C 
L 
Ceramic 
Package 


P 
Plastic Package 
A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


CLOCK 
RESET 
OUTPUT STATE 
-r 
0 
No 
Change 


~ 
0 
Advance 
to next 
state 


X 
1 
All 
Outputs 
are low 


Voo 
Tlow. 
25°C 
Thi 
h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Mi" 
Typ 
Max 
Mi" 
Max 
Unit 


Output 
Voltage 
"a" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOo or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.9~i 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vio"" 
0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
IVO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVO= 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL Device) 
IOH 
mAde 


IVOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


IVOH = 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


IVOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


IVOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (CUe? 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
Ii" 
15 
- 
±O.l 
- 
to.OOOOl 
to.l 
- 
± 1.0 
,u.Adc 


Input 
Current 
(CUep 
Device) 
lin 
15 
- 
± 0.3 
- 
to.OOOOl 
±O.3 
- 
t1.0 
,u.Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 0) 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
"I-lAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CUep 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J.JAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply 
Current-· 
t 
IT 
5.0 
IT = 10.42 ~A/kHll 
f + 'DO 
,uAdc 


(Dynamic 
plus 
Ouiescent, 
10 
IT = 10.85 ~A/kHl) 
, + I DO 


Per Package) 
15 
IT = 11.43 ~A/kHll 
'+ 
100 


(CL = 50 pF on all outputs, all 
buffers switching) 


"Tlow'= 
-5SoC for AL Device, -400C for CLlCP Device. 


Thigh'= +1250C for AL Device, +850C for CLlCP Device. 


.z;-Noiseimmunity 
spel,;ified for worst-case input combination. 


NOiseMargin for both "1" 
and "0" 
level '= 1.0 Vdc min @VDD 
'=S.OVdc 
2.0 Vdc min @ VDD 
'= 10 Vdc 


2.S Vdc min@ VDD 
'= 15 Vdc 
tTo calculate total supply current at loads other than SOpF: 


'TICLI 
= ITI50 pF) + 1 x 10-3 (CL -50) VoO' 
where: IT is in IJ,A(per package), CL in pF, VDD in Vdc, and f in kt- z is 


input frequency. 
""The 
formulas given are for the typical characteristics only at 2SoC. 


This 
device 
contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised that 
normal 
precautions 
be taken 
to 
avoid application 
of any voltage higher 
than 
maximum 
rated voltages to this high 


impedance circuit. 
For proper operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS .s;;;,;(Vin 
or 


Vou')" 
Voo· 


Unused inputs 
must always be tied 
to an 


appropriate 
logic voltage level (e.g., either 


VSS or Vool. 


CharaC1eristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vde 


Output 
Rise Time 
'TLH 
ns 


'TLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 
'TLH 
= (1.5 ns/pFI 
CL + 15 ns 
10 
- 
90 
180 


'TLH 
= 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
'THL 
ns 


'THL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
'THL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
'TH L = 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
'PLH. 
ns 
'pHL. 
'pLH 
= 11.7 ns/pFI CL + 315 ns 
'PHL 
5.0 
- 
400 
800 
'pH L. 'PLH = 10.66 ns/pFI CL + 137 ns 
10 
- 
170 
340 
'pHL. 
'pLH 
= 10.5 ns/pFI CL + 95 ns 
15 
- 
120 
240 


Clock 10 012 
ns 


lpHL. 
'PLH = 11.7 ns/pFI CL + 2415 ns 
5.0 
- 
2.5 
5.0 
lpHL. 
'PLH = 10.66 ns/pFI CL + 867 ns 
10 
- 
0.9 
1.8 


lpHL. 
'pLH 
= (0.5 ns/pFI CL + 475 nd 
15 
- 
0.5 
1.4 


Propagation 
Delay Time 
'PHL 
ns 
Reset to an 
'pHL 
= 11.7 ns/pFI CL + 485 ns 
5.0 
- 
570 
1620 
'PHL = 10.66 ns/pFI CL+ 182 ns 
10 
- 
215 
600 
'pH L = 10.5 ns/pF I CL + 145 ns 
15 
- 
170 
450 


Clock Pulse Width 
'WH 
5.0 
385 
140 
- 
ns 
10 
150 
55 
- 


15 
115 
38 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
3.5 
1.5 
MHz 


10 
- 
9.0 
3.5 


15 
- 
13 
4.5 


Clock Rise and Fall Time 
'TLH.'THL 
5.0 
ns 
10 
No Limit 
15 


Reset Pulse Width 
twH 
5.0 
960 
320 
- 
ns 
10 
360 
120 
- 


15 
270 
80 
- 


1 
2 
4 
8 
16 
32 
64 
128 
256 
512 
1024 
2048 
4096 


Clock lSl.J1.Jl...J LJ LJ LJ l-.J LJ LJ LJ L.J LJ LJ I- 


R ••• 
, 
~~ 
_ 


01~ 
l-l-l-l-l-l-l-l-l-l- 
I- 


02 __ 
~Il- 
l- 
l- l- 
l- 
l- l- 
l- 
l- 
l- 
I- 


03 
-.r-l- l- l_l- 
l- l- 
l- 
l- 
l- I- 


04 
-.r-l- l_ l- 
l- l- 
l- 
l- 
l- 
L- 


05 
-.r-L_ l- 
l- l- 
l- 
l- 
l- 
L- 


06 
--.f-l- l- l- 
l- 
l- l- 
L- 


07 
-.r-l- l- 
l- 
l- 
l- 
I- 


as 
-.r-l- l- l- 
l- 
I- 


09 
-.r-l- 
l- 
l- 
L- 


010 
-.r-l- l- 
I- 


a" 
~ 
l- 
I- 


012 
-.r- L- 


TIME-BASE 
GENERATOR 


A 60 
Hz sinewave 
obtained 
through 
a 
1.0 Megohm 


resistor 
connected 
directly 
to a standard 
120 Vac power 


line 
is applied 
to the 
clock 
input 
of the 
MC14040B. 
By 


selecting 
outputs 
05, 
010, 
011, 
and 
012 
division 
by 


3600 
is accomplished. 
The MC14012B 
decodes 
the counter 
outputs, 
produces 
a single 
output 
pu lse, and 
resets 
the 
binary 
counter. 
The 
resulting 
output 
frequency 
is 
1.0 
pulse/minute. 


1.0M 
MC14Q40B 


C 
05 
1.0 Pulse/Minute 
~ 


~20 
pF J 
010 
Output 


120 Vac 
60 Hz 
A" 


~ 


R 
012 


Vss 


Circuit 
diagrams utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


is 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility 
is 
assumed 
for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey 
to the purchaser of the semiconductor 
devices described 
any 


license under the patent 
rights of Motorola 
Inc. or others. 


® MOTOROLA 


QUAD 
LATCH 


The 
MC14042B 
quad 
latch 
is constructed 
with 
MaS 
P-channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single 
monolithic 
structure. 
Each 
latch 
has a separate 
data 
input, 
but 
all four 
latches 


share 
a common 
clock. 
The 
clock 
polarity 
(high 
or 
low) 
used 
to 


strobe 
date 
through 
the 
latches 
can 
be reversed 
using 
the 
polarity 
input. 
Information 
present 
at the data 
input 
is transferred 
to ourputs 
Q and Q during 
the 
clock 
level which 
is determined 
by the polarity 
input. 
When 
the 
polarity 
input 
is in the 
logic "0" 
state, 
data 
is trans- 


ferred 
during 
the 
low clock 
level, 
and when 
the 
polarity 
input 
is in 
the 
logic 
"1" 
state 
the 
transfer 
occurs 
during 
the 
high clock 
level. 


• 
Buffered 
Data 
Inputs 


• 
Common 
Clock 


• 
Positive 
or Negative 
Edge Clocked 


• 
Q and Q Outputs 


• 
Double 
Diode 
Input 
Protection 


• 
No Limit 
on Clock 
Rise or Fall Times 


• 
Quiescent 
Current 
= 2.0 nA/package 
typical 
@ 5 Vdc 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Capable 
of 
Driving 
Two 
Low-power 
TTL 
Loads, 
One 
Low-power 
Schottky 
TTL 
Load 
or 
Two 
HTL 
Loads 
Over 
the 
Rated 
Temper- 
ature 
Range. 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
'0 
mAde 


Operating 
Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +'50 
°c 


MC14042B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


""""" 
11SUffiX 
Denote. 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


CLOCK 
POLARITY 
Q 


0 
0 
Data 


or 
0 
Latch 
1 
1 
Date 
'- 
, 
Latch 


Voo 
Tlow. 
250C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin",OorVOD 
10 
9.n5 
- 
9.95 
10 
- 
9.95 
- 


15 
14.!l5 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 0 Inputs 
"0" 
Level 
VIL 
Vdc 


(Va 
= 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
= 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va 
= 13.50r 
1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"". 
Level 
VIH 


IVO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVO 
= 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Input Voltage 
C,P Inputs 
"0" 
Level 
VIL 
Vdc 


(Va 
= 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
IVO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va 
= 13.5 or 1.5 Vdc) 
15 
- 
3.75 
- 
6.75 
3.75 
- 
3.75 


"'" 
Level 
VIH 


IVO = 0.5 or 4.5 Vdcl 
5.0 
3.!i 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1.5 or 13.5 Vdc) 
15 
11.25 
- 
11.25 
8.25 
- 
11.25 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 
{VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


{VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


IVOH 
= 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


IVOH 
= 13.5 Vdcl 
15 
-1.1l 
- 
-1.5 
-3.5 
- 
-1.1 
- 


IVOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
{VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


IVOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
10H 
mAde 


{VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


{VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.5:1 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


IVOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
±0.1 
- 
±0.00001 
to. , 
- 
± 1.0 
,/.lAde 


Input Current (CLlCP Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
to.3 
- 
± 1.0 
,/JAde 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 01 


Quiescent Current (AL Device) 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
JJAdc 
(Per Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 


15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent 
Current 
(CLlCP 
Device) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
.uAdc 


(Per 
Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 


15 
- 
16 
- 
0.006 
16 
- 
120 


Total Supply Current· *t 
IT 
5.0 
IT = 11.0 "A/kHz) 
, + 100 
,uAdc 


(Dynamic plus Quiescent, 
10 
IT = (2.0 "A/kHz) 
, + I DO 
Per Package) 
15 
IT = (3.0 "A/kHz) 
, + 100 
ICL :::50 pF on all outputs, all 
buffers switching) 


-Ttow ""-5SoC for AL Device, -400C 
for CLlCP Device. 


Thigh::: +12SoC for AL Device, +8SoC for CL/CP Device. 


.I:"Noiseimmunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" level::: 1.0 Vdc min @ Vao 


2.0 Vdc min @ Voo 
2.5 Vdc min @ VOo 
tTo calculate total supply current at loads other than 50 pF: 


'TieL) 
= ITI50 pFI + 4 x 10-3 {CL -501 Voo' 
where: IT is in ~A (per package), CL in pF, Vaa 
in Vdc, and f in kHz is input frequency. 


- -The formulas given are for the tYpical characteristics only at 2SoC. 


" 5.0 Vdc 
10 Vdc 


" 15 Vdc 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH 
= (3.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= (1.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 0.1 
ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
(0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time, D to G, a 
tpLH, 
ns 


tpLH, 
tpHL 
= 0.7 
ns/pF) CL + 135 ns 
IpHL 
5.0 
- 
220 
440 


IPLH, tpHL 
= 10.66 ns/pFI CL + 57 ns 
10 
- 
90 
180 


tpLH, 
tpHL 
= (0.5 ns/pF) CL + 35 ns 
15 
- 
60 
120 


Propagation Delay Time, Clock to G, G 
tPLH, 
ns 


tPLH, tPHL = 11.7 ns/pF) CL + 135 ns 
tpHL 
5.0 
- 
220 
440 


tpLH, 
tpHL 
= 10.66 ns/pFI CL + 57 ns 
10 
- 
90 
180 


tpLH, 
IpHL 
= 10.5 ns/pF) CL + 35 ns 
25 
- 
60 
120 


Clock Pulse Width 
twH 
ns 
5.0 
300 
150 
- 


10 
100 
50 
- 


15 
80 
40 
- 


Clock Rise Time 
ITLH 
- 


5.0 
No 
10 
Limit 
15 


Hold Time 
th 
ns 
5.0 
100 
50 
- 


10 
50 
25 
- 


15 
40 
20 
- 


Setup Time 
tsu 
ns 
5.0 
50 
0 
- 


10 
30 
0 
- 


15 
25 
0 
- 


QO 
2 
Data 
Input 
00 
3 


Qt 
10 
DO 
01 
9 
a Output 
01 
Q2 
11 


02 
12 
02 
Q3 


Q Output 
03 
03 
15 


For Power Dissipation test, each output 
is 8 
Vss 
loaded with capacitance CLo 
~ 


Clock 
QO 


Polarity 
00 


Q1 


DO 
01 


D1 
Q2 


02 
D2 
Q3 


D3 
03 


8 
VSS 


\ 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high im- 


pedance circ4it. 
For proper operation 
it is recommended that Vin and Vout 
be constrained to the range VSS " 
(Vin or Vout) 


••• VOO- 
I 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOOI. 


_/ 


@ MOTOROLA 
MC14043B 


MC14044B 


CMOS MSI 
QUAD R-S LATCHES 


The 
MC140438 
and MC140448 
quad 
R-S latches 
are constructed 
with 
MaS 
P-channel 
and 
N-channel 
enhancement 
mode 
devices 
in a 
single 
monolithic 
structure. 
Each latch has an independent 
Q output 
and 
set and 
reset 
inputs. 
The 
Q outputs 
are gated 
through 
three· 
state 
buffers 
having 
a 
common 
enable 
input. 
The 
outputs 
are 
enabled 
with 
a logical 
"1" 
or 
high on 
the 
enable 
input; 
a logical 
"0" 
or 
low 
disconnects 
the 
latch 
from 
the 
Q 
outputs, 
result- 


ing in an open 
circuit 
at the Q outputs. 


• 
Quiescent 
Current 
= 4.0 nA/pkg 
typical 
@ 10 Vdc 


• 
Double 
Diode 
Input 
Protection 


• 
Three-State 
Outputs 
with Common 
Enable 


• 
Outputs 
Capable 
of 
Driving 
Two 
Low·Power 
TTL 
Loads, One 
Low-Power 
Schottky 
TTL 
Load, 
or Two 
HTL 
Loads 
Over the 
Rated 
Temperature 
Range 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


L SUFFIX 


CERAMIC 
PACKAGE 
CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Me,,,,," ~':. 
c.,~'.:':::._ 


P 
Plastic 
Package 


. A ~:;~=r:~u~:~:~i;: 


C 
LImIted 
Operating 


Temperature 
Range 


S R 
E 
Q 


X 
X 
0 
High 
Impedance 
0 0 , No Change 
0 , 1 
0 
, 0 
1 
, 


1 1 
1 
1 


S 
R 
E 
Q 


X XO 
H;gh 
Impedance 
0 
0 , 
0 
0 
1 1 
, 


1 
0 , 
0 
1 
1 1 No Change 


VOO 
Tlow· 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V.n=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vtn =0 
or Van 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage#" 
"0" Level 
VIL 
Vdc 
(VO = 4.5 0' 0.5 Vdcl 
50 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO=13.50' 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO-O.5 
a<4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO ~ 1.0 0' 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO - 
1 5 or 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Curtent (AL Devlcel 
IOH 
mAde 
(VOH ~ 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.1 
- 


1VOH~ 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH - 9.5 Vdcl 
10 
-l.ti 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH -13.5 
Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL ~ 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
1VOL= 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL ~ 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH -4.6 
Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH =9.5 
Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH -13.5 
Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL - 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


{VOL - 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(At 
DeVice) 
lin 
15 
- 
'01 
- 
'000001 
!O.l 
- 
, 1.0 
IJAdc 


Input 
Current 
(CL/CP 
DeVice) 
lin 
15 
- 
'03 
- 
!D.OOOOI 
'0.3 
- 
± 1.0 
IJAdc 


Input 
Capacitance 
Con 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(VIn =01 


QUiescent 
Current 
(AL 
DeVice) 
IDD 
50 
- 
1.0 
- 
0.002 
1.0 
- 
30 
jJAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


QUIescent 
Current 
(CLlCP 
DeVice) 
IDD 
50 
- 
4.0 
- 
0.002 
4.0 
- 
30 
/-lAde 


(Per 
Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total 
Supply 
Current •• t 
IT 
5.0 
IT = (0.58 ~A/kHz) 
I + 
IDD 
,uAde 


(Dynamic 
plus 
Quiescent, 
Per 
Package) 
10 
IT = (1.15 ~A/kHzl 
I + 
IDO 
(eL = 50 pF on all outputs, all outputs 
15 
IT' 
11.73~A!kHzl 
I + 
IDO 


switching) 


Three-State Output Leakage Current 
ITL 
15 
- 
±O.l 
- 
to.OOOl 
to.l 
- 
t3.0 
,uAdc 


(I\L 
rle\l'Ice) 


Three-State Output 
Leakage Current 
ITL 
15 
- 
t1.0 
- 
'0.0001 
t1.0 
- 
±7.5 
IJAdc 
(CLlCP Device) 


-Tlow"" 
-SSoC for AL Device, -40oC for CLlCP Device. 


Thigh""' t12SoC 
for AL Device. +8SoC for CLlCP Device. 


#Noise immunity specified for worst-case input combination. 


NOise Margin for both ", .. and "0" level'" 1.0 Vdc min@VDD 
•••.5.0 Vdc 
2.0 Vdc min @ VOD 
= 10 Vdc 
2.5 Vdc min @ VOD ~ 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'T{CL) 
= 'T(50 pFI + 4. 
10-3 (CL -501 VDDI 


where: IT is in JJA(per package). CL in pF, VOO in Vdc. and f in kHz is input freQuency. 


- -The formulas given are for, the typical characteristics only at 25°C. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 '0 +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 '0 VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-5510 
+125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 '0 +150 
°c 


-"~-'''J 
•••.•..,rUlt!Cl 


the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
hO\llJE!ver,it 
is 
advised 
that 
normal 
precautions 
be taken 
to 
avoid 
application 
of any voltage 
higher 


than 
maximum 
rated voltages to this high 


impedance 
circuit. 
For 
proper 
operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
~ 
(Vin 
or 
Vou,) 
•• VDD· 


Unused 
inputs 
must 
always 
be tied 
to an 
appropriate 
logic voltage 
level (e.g., either 


VSS or VDDI. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vdc 


Output 
Rise Time 
'TLH 
ns 
'TLH 
= 11.35 ns/pFI CL + 32.5 ns 
5.0 
- 
100 
200 
'TLH 
= 10.60 ns/pF) CL + 20 ns 
10 
- 
50 
100 
'TLH 
= 10.40 ns/pF) CL + 20 ns 
15 
- 
40 
80 


Output 
Fall Time 
'THL 
ns 
'THL 
= 11.35 ns/pF) CL + 32.5 ns 
5.0' 
- 
100 
200 
'THL 
= 10.60 ns/pF) CL + 20 ns 
10 
- 
50 
100 
'THL 
= 10.40 ns/pF) CL + 20 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
'pLH 
ns 
'pLH 
= 10.90 ns/pF) CL + 130 ns 
5.0 
- 
175 
350 
'PLH 
= 10.36 ns/pF) CL + 57 ns 
10 
- 
75 
175 
'pLH 
= 10.26 ns/pF) CL + 47 ns 
15 
- 
60 
120 


'pHL 
= 10.90 ns/pF) CL + 130 ns 
'pHL 
5.0 
- 
175 
350 
ns 
'PHL 
= (0.90 ns/pF) CL + 57 ns 
10 
- 
75 
175 
'pHL 
= (0.26 ns/pF) CL + 47 ns 
15 
- 
60 
120 


Set Pulse Width 
twH 
5.0 
200 
80 
- 
ns 
10 
100 
40 
- 


15 
70 
30 
- 


Reset Pulse Width 
twH 
5.0 
200 
80 
- 
ns 


10 
100 
40 
- 


15 
70 
30 
- 


Three-State 
Enable/Disable 
Delay 
'PLZ. 
5.0 
- 
150 
300 
ns 


'pHZ 
10 
- 
80 
160 
15 
- 
55 
110 


MC14043B 
MC14044B 


TEST 
S 
R 
S1 
S2 
Q 
S1 
S2 


tpLZ 
VDD 
VSS 
Open 
Closed 
A 
Closed 
Open 


tPLZ 
VSS 
VDD 
Closed 
Open 
B 
Open 
Closed 


tpHZ 
VDD 
VSS 
Open 
Closed 
A 
Closed 
Open 


tpHZ 
VSS 
VDD 
Closed 
Open 
B 
Open 
Closed 


To 
Output 
Under 
Test 


Os 
~ 
tPHZj 
~VOH 
L-----..:J!10% 


VSS 


@ MOTOROLA 


The MC14046B phase-locked loop contains two phasecompara- 


tors, 
a voltage-controlled 
oscillator 
(VCO), source follower, 
and 


zener diode. The comparators 
have two 
common signal inputs. 
PCAin and PCBin. Input PCAin can be useddirectly coupled to large 
voltage signals, or indirectly 
coupled (with 
a series capacitor) to 


small voltage signals.The self-bias circuit adjusts small voltage signals 
in the linear region of the amplifier. Phasecomparator 1 (an exclu- 
sive OR gate) provides a digital error signal PC10ut, and maintains 
900 phase shift at the center frequency between PCAin and PCBin 
signals (both at 50% duty cycle). Phasecomparator 2 (with leading 
edge sensing logic) provides digital error signalsPC20ut and PCPout, 
and maintains a 00 phase shift between PCAin and PCBin signals 
(duty cycle is immaterial). The linear VCO produces an output signal 
VCOout 
whose frequency 
is determined 
by the voltage of input 
VCOin and the capacitor and resistors connected to pins C1A, C1B, 
R1, and R2. The source-follower output SFout with an external re- 
sistor is used where the VCOin signal is needed but no loading can be 
tolerated. The inhibit 
input 
Inh, when high, disables the VCO and 


source follower to minimize standby power consumption. The zener 
diode can be used to assistin power supply regulation. 


Applications 
include FM and FSK modulation and demodulation, 
frequency 
synthesis and multiplication, 
frequency 
discrimination, 
tone decoding, data synchronization 
and conditioning, 
voltage-to- 
frequency conversion and motor speed control. 


• 
VCO Frequency = 1.4 MHz Typical @VDD = 10 Vdc 
• 
VCO 
Frequency 
Drift 
with 
Temperature = 0.04%/oC 
Typical 


@VDD = 10 Vdc 
" 
VCO Linearity = 1%Typical 
• 
Quiescent Current = 5.0 nA/package typical @5 Vdc 


• 
Low Dynamic Power Dissipation - 
70 /-lW Typical @fO = 10 kHz, 
VDD = 5.0Vdc, 
R1 = 1.0MH, 
R2=~, 
RSF =~ 


• 
Buffered Outputs Compatible with 
MHTL and Low-Power TTL 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 to 18 Vdc 
• 
Pin-for-Pin Replacement for CD4046B 


13 PC20ut 


1 
PCP out 


4 
VCOout 
11 
Rl 
12 A2 


6 
C'A 
7 
Cls 


MC14046B 


PHASE-LOCKED 
LOOP 


~ftfIlIII8 
J·'~))U ~u ,.~l~ 
ij ~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC'4XXXB ~SU~f;:.::;:t::Ck.9. 


L P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


This 
device 
contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS .;;:(Vin 
or 
Vout) .;;:VOO· 


Unused inputs must always be tied to an 
appropriate logic voltage level {e.g., 
either 
Vss or Vool. 
Pins 6,7. 
10. 11, 12, and 
15 if unusedmust be left open. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-05to 
+18 
Vdc 


Input Voltage. All Inputs 
V,n 
-0.5 to VDD + 0.5 
Vdc 


DC Current Dram per Pin 
I 
10 
mAdc 


Operating Temperature Range- AL DevIce 
TA 
-55 to +125 
°c 
CLlCP DevIcE' 
-40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


VDO 
Tlow• 
250C 
Thi h· 
Characteristic 
Symbol 
Vdc 
Mir 
M•• 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin '" VDD or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.9!; 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin:: 
0 or VDO 
10 
9.9!; 
- 
9.95 
10 
- 
9.95 
- 


15 
14.9!; 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 


1r 
..a" Level 
V,L 
Vdc 


(VO " 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO "9.0 
or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO" 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
"1" 
Level 
V,H 
(VO "0.5 
or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO" 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO" 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
'OH 
mAde 
(VOH " 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH "4.6 
Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH "9.5 
Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH" 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
'OH 
mAde 
(VOH " 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH "4.6 
Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH' 
13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL' 
0.4 Vdc) 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Devicel 
lin 
15 
- 
to.l 
- 
<0.00001 
to.1 
- 
t 1.0 
,uAdc 


Input Current (CUCP Device) 
'in 
15 
- 
t 0.3 
- 
<0.00001 
<0.3 
- 
± 1.0 
,uAdc 


Input Capacitance 
Cin 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 01 


Quiescent Current (AL Device) 
'DD 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,uAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
(Inh' 
"1" and PCA' 
"1"1 
15 
- 
20 
- 
0.015 
20 
- 
600 
Quiescent Current (CLlCP Device) 
'DD 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 
(PerPackage) 
10 
- 
40 
- 
0.010 
40 
- 
300 
(Inh - "1" and PCA - "I") 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current t 
IT 
5.0 
IT" 
11.46 ~A/kHzl 
f + 'DD 
,uAdc 


lInh - "0", 
fo' 
10 kHz, CL - 50 pF, 
10 
IT" 
(2.91 ~A/kHzl 
f + 'DD 
Rl-l 
Mn,R2·~,RSF·~,and 
15 
'T' 
(4.37 ~A/kHzl 
f + 'DD 
60% DutY Cycl.) 


·Tlow:: 
-550C for AL Device. -400C for CUCP Device. 
Thigh = +1250C for AL Device, +850C for CUCP Device. 


#Noise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" 
level:: 1.0 Vdc min @VDD 
:: S.OVdc 
2.0 Vdc min@ VDD 
" 10 Vdc 
2.5 Vdc min@VDD 
:: 15 Vdc 


tTo Calculate Total Current in General: 


IT * 2.2. 
VDD 
(VCOin -1.65 + VDD -1.35)3/4 
Rl 
R2 


1 
10-1 
V 
2 ('00 
-% Duty Cyde of PCAin\ 
• 
DD 
100 
J + 10 


(VCO- 
- 1.65) 3/4 
+ 
l.()x 
I~SF 
+1 x 10-3 (CL+91 VOO f+ 


where: 
IT in JIoA, CL in pF, VCOin, 
VOD in Vdc, f in KHz, end 


R1. R2. ASF in Mn.cL 
on VCOout' 


Minimum 
Maximum 


VDD 
AL 
CL/CP 
Typical 
AL 
CL/CP 
Characteristic 
Symbol 
Vde 
Device 
Device 
All Types 
Device 
Device 
Units 


Output Rise Time 
tTLH 
ns 


tTLH 
= (3.0 ns/pFI CL + 30 ns 
5.0 
- 
- 
180 
350 
400 
tTLH 
= l1.5ns/pFI 
CL + 15ns 
10 
- 
- 
90 
150 
200 
tTLH 
= (1.1 ns/pFI CL + 10 ns 
15 
- 
- 
65 
110 
160 


Output Fall Time 
tTHL 
ns 


tTHL 
= (1.5 ns/pFI CL + 25 ns 
5.0 
- 
- 
100 
175 
200 
tTHL 
= (0.75 ns/pFI CL + 12.5 ns 
10 
- 
- 
50 
75 
100 
tTHL 
= (0.55 ns/pFI CL + 9.5 ns 
15 
- 
- 
37 
55 
80 


Input Resistance - 
PCAin 
Rin 
5.0 
1.0 
1.0 
2.0 
- 
- 
Mi1 


10 
0.2 
0.2 
0.4 
- 
- 


15 
0.1 
0.1 
0.2 
- 
- 


- 
PCB in 
Rin 
15 
150 
15 
1500 
- 
- 
Mi1 


Minimum Input Sensitivity 
Vin 
5.0 
- 
- 
200 
300 
400 
mV p-p 


AC Coupled - 
PCA;n 
10 
- 
- 
400 
600 
800 
C series =- 1000 pF. f =- 50 kHz 
15 
- 
- 
700 
1050 
1400 


DC Coupled - 
PCAin. PCBin 
- 
5 to 15 
See Noise Immunity 


Maximum Frequency 
fmax 
5.0 
0.50 
0.35 
0.70 
- 
- 
MHz 


(VCO;n = VOO, Cl = 50 pF, 
10 
1.0 
0.7 
1.4 
- 
- 


R1 = 5 ki1, and R2 = -I 
15 
1.4 
1.0 
1.9 
- 
- 


Temperature - 
Frequency Stability 
- 
5.0 
- 
- 
0.12 
- 
- 
%/oC 
(R2 =-1 
10 
- 
- 
0.04 
- 
- 


15 
- 
- 
0.015 
- 
- 


Linearity (R2 - 00) 
- 
% 


(VCO;n = 2.50 V, 
0.30 V, Rl ;, 10 ki11 
5.0 
- 
- 
1 
- 
- 


(VCO;n = 5.00 V , 2.50 V, R1 ;> 400 ki11 
10 
- 
- 
1 
- 
- 


(VCO;n = 7.50 V' 
5.00 V, Rl 
;> 1000 ki11 
15 
- 
- 
1 
- 
- 


Output Duty Cycle 
- 
5 to 15 
- 
- 
50 
- 
- 
% 


Input Resistance - 
VCOin 
Rin 
15 
150 
15 
1500 
- 
- 
Mi1 


Offset Voltage 
- 
5.0 
- 
- 
1.65 
2.2 
2.5 
Vdc 


(VCOin minus SFout. RSF > 50 knl 
10 
- 
- 
1.65 
2.2 
2.5 


15 
- 
- 
1.65 
2.2 
2.5 


Linearity 
- 
% 


(VCO;n = 2.50 V, 
0.30 V, RSF > 50 ki1) 
5.0 
- 
- 
0.1 
- 
- 


(VCO;n = 5.00 V, 
2.50 V, RSF > 50 kn) 
10 
- 
- 
0.6 
- 
- 


(VCO;n = 7.50 V, 
5.00 V, RSF > 50 ki11 
15 
- 
- 
0.8 
- 
- 


ZENER DIODE 


Zener Voltage (lz =- 50 ,uA) 


Dynamic Resistance IIz 
=- 1 mAl 


-The formula given is for the typical characteristics only. 


FIGURE 1 - PHASE COMPAFlATORS STATE OIAGRAMS 


PHASE COMPARATOR 
1 


I 


~~\0+- 
10 
I 
I 


Characteristic 
Using Phase Comparator 
1 
Using Phase Comparator 
2 


No signal 
on 
input 
peA in- 
VCO in PLL system adjusts to center frequency 
VCO in PLL system 
adjusts to minimum 
fre- 


(fOI. 
quency 
(fminl. 


Phaseangle between PCAin and PCBin- 
900 at center 
frequency 
(fO), approaching 00 
Always 0° in lock (positive rising edges). 


and 1800 at ends of lock range (2fLI. 


Locks on harmonics of center frequency. 
Ves 
No 


Signal input noise rejection. 
High 
Low 


Lock frequency range (2fLI. 
The frequency range of the input signal on which the toop will stay locked if it was 
initially 
in lock. 
2fL = full VCO frequency range = fmax - 1min. 


Capture frequency range (2fCI. 
The frequency range of the input signal on which the loop will lock if it was initially 
out of lock. 


Depends on low-pass filter characteristics 
IC'IL 


(see Figure 31. fC "fL 


Center frequency (fOI. 
The frequency of VCOout, when VCOin 
>: 1/2 VDD 


VCO output 
frequency tf), 


fmin 
I 
(VCO input· 
VSS) 
Note: These equations are intended 
. 


R2(C1 + 32 pF) 
to be a design guide. Since calculated 
component 
values may 
be in error 
by 
as much as a factor 
of 4, labor- 
fmax 
I 
fmin 
(VCO input· 
VOO) 
story 
experimentation 
may 
be 
reo 
. 
R1(C1+32pF)+ 
quired for fixed designs. Part to part 
frequency 
variation 
with 
identical 
passive 
components 
is 
less 
than 
Where: 
10K'" 
R1"'1M 
±20%. 
10K'" 
R2 '" 1M 
100pF ",C1 .; .01 ~F 


I Ext;r-;:;all 


7N 
L_C~~~..J 


(b) 
R3 


Input~OutPut 


1~~ 
~C2 


Note: for further information, 
see: 


(1) F. Gardner, "Phase-Lock Techniques", John Wiley and Son, New York, 1966. 
(21 G. S. Moschytz, "Miniature 
RC Filters Using Phase-Locked Loop", 
BSTJ, May, 1965. 


(3) Garth Nash, "Phase·Lock Loop Design Fundamentals". 
AN·535. Motorola 
Inc. 
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l 
VOH 
PCBin 
I 
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:, 
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'u' 
VDH 
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U 
-----VDL 
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H 
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@ MOTOROLA 


The MC14049UB hex inverter/buffer and MC14050B noninverting 


hex buffer 
are constructed 
with 
MOS P-channel and N-channel 


enhancement 
mode 
devices 
in 
a single 
monolithic 
structure. 
These 
complementary 
MOS devices find 
primary 
use where low power 


dissipation and/or 
high noise immunity 
is desired. These devices 
provide logic-level conversion using only one supply voltage, VCC. 
The input-signal high level (VIHI can exceed the VCC supply voltage 
for logic-level conversions. Two TTLlDTL 
Loads can be driven when 
the devicesare used asCMOS-to-TTLlDTL 
converters IVCC = 5.0 V, 
VOL';;; 
0.4 V, IOL;;' 
3.2 mAl. Note that pin 16 is not connected 


internally 
on these devices; 
consequently 
connections 
to this terminal 


will not 
affect 
circuit 
operation. 


• 
High Source and Sink Currents 


• 
High-to-Low Level Converter 


• 
Quiescent Current ~ 2.0 nA/package typical 
@ 5 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Meets JEDEC UB Specifications-MC14049UB 
MeetsJEDEC B Specification-MC14050B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 
to +18 
Vdc 


DC Current 
Drain 
per 
Input 
Pin 
I 
10 
mAde 


DC Current 
Drain per Output 
Pin 
I 
45 
mAde 


Operating 
Temperature 
Range 
- 
Al 
Device 
TA 
-55 to +125 
"C 


CLlCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
C 


MC14049UB 
MC14050B 


Inverting - MC14049UB 


Noninverting - MC14050B 
----- 
IlL 
- 
,J', . 
,. , 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXUB 
1SUffiX 
Denotes 


MC14XXXB 
~ 
L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


MC14049UB 
MC14050B 


3----{>o-2 
3----{>-2 


5----{>o-4 
5----{>-4 


7----{>o-6 
7----{>-6 


9----{>o- 
10 
9----{>-10 


11 ----{>o- 
12 
11 ----{>- 
12 


14 ----{>o- 
15 
14----{>- 
15 


NC;; 
Pin 
13, 
16 
NC - 
Pin 
13. 
16 
VSS': 
Pin 
B 
VSSsPin8 


VCC'" 
Pin 
1 
VCCsPin 
1 


Voo 
Tlow. 
25°C 
Thigh* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
Val 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= VOO 
orO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
#MC14049UB 
"0" Level 
Vil 
Vdc 
(Va; 
4.5 Vdc) 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 


(Va; 
9.0 Vdc) 
10 
- 
2.0 
- 
4.50 
2.0 
- 
2.0 


(Va; 
13.5 Vdcl 
15 
- 
2.5 
- 
6.75 
2.5 
- 
2.5 


"'" 
Level 
VIH 
Vdc 


(Va; 
0.5 Vdc) 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 


(Va; 
1.0 Vdc) 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 


(Va; 
1.5 Vdcl 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Input Voltage #MC14050B 
"0" 
Level 
Vil 
Vdc 


(Va; 
0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va; 
1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va; 
1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vdc 


(Va = 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(Va; 
9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va; 
13.5 Vdc) 
15 
11 
- 
11 
8.25 
- 
11 
- 


Output 
Drive 
Current 
(A L Device) 
IOH 
mAde 
(VOH ; 2.5 Vdc) 
Source 
5.0 
-1.6 
- 
-1.25 
-2.5 
- 
-0.9 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.5 
- 
-0.9 
- 


(VOH; 
13.5 Vdcl 
15 
-4.7 
- 
-3.75 
-10 
- 
-2.7 
- 


(Val; 
0.4 Vdc) 
Sink 
IOl 
5.0 
3.75 
- 
3.2 
6.0 
- 
2.2 
- 
mAde 
(Val; 
0.5 Vdcl 
10 
10 
- 
8.0 
16 
- 
5.6 
- 


(Val; 
1.5 Vdc) 
15 
30 
- 
24 
40 
- 
17.0 
- 


Output 
Drive Current 
(CUe? 
Device) 
IOH 
mAde 
(VOH ; 2.5 Vdc) 
Source 
5.0 
-1.5 
- 
-1.25 
-2.5 
- 
-1.0 
- 


(VOH ; 9.5 Vdcl 
10 
-1.5 
- 
-1.25 
-2.5 
- 
-1.0 
- 


(VOH = 13.5 Vdcl 
15 
-4.5 
- 
-3.75 
-10 
- 
-3.0 
- 


(Val; 
0.4 Vdcl 
Sink 
IOl 
5.0 
3.6 
- 
3.2 
6.0 
- 
2.6 
- 
mAde 
(Val; 
0.5 Vdcl 
10 
9.6 
- 
8.0 
16 
- 
6.6 
- 


(Val; 
1.5 Vdcl 
15 
28 
- 
24 
40 
- 
19 
- 


Input Current 
(AL Device) 
lin 
15 
- 
!0.1 
- 
!0.00001 
!0.1 
- 
, 1.0 
JJ.Adc 


Input Current (CUe? Device) 
lin 
15 
- 
'0.3 
- 
'0.00001 
'0.3 
- 
! 1.0 
/-lAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
10 
20 
- 
- 
pF 


(Vin =0) 


Quiescent Current 
(A L Device) 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
IJ.Adc 


(Per 
Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 


15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent 
Current 
(CUe? 
Device) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
J.lAdc 


(Per 
Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total Supply Current**t 
IT 
5.0 
IT - (1.8 ~A/kHzlf 
+ 100 
1J,Adc 


(Dynamic 
plus 
Quiescent, 
Per 
Package) 
10 
IT; 
(3.5 ~A/kHzlf 
+ 100 


(CL 50 pF on alt outputs, 
all buffers switching) 
15 
IT = 15.3 ~A/kHzlf 
+ 100 


-Tlow 
:: 55°C 
for AL Device, -40°C 
for CUC? 
Device. 


Thigh"" + 125°C 
for A L Device, +850C 
for CUC? 
Device. 


tTo 
Calculate 
total 
supply 
current 
at loads other 
than 
50 pF: 


IT(Cl); 
ITI50 pF) + 6 X 10-3 (Cl - 501 VOOf 


#Noise immunity 
specified for worst-case input combination 


B Suffix 
Noise Margin for both "1" and "0" level "" 


1.0 Vdc min @ VDD 
""5.0 Vdc 
2.0 Vdc min@ 
VDD 
""10 Vdc 
2.5 Vuc min@ 
VDD 
""15 Vdc 
U8 Suffix 
Noise Margin for both "1" and "0" 
level "" 


0.5 Vdc min @ VDD 
:::5.0 Vdc 


1.0 Vdc min @ VDD 
:::10 Vdc 
1.0 Vdc min@VDD::: 
15 Vdc 


where: 
IT is in IJA (per package), CL in pF. VDO 
in Vdc, and f in 


kHz is input frequency. 
- -The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 


at 250C. 


:g« 
E 
;: 
-10 
~ 
=> 


f20 


(I) -30 
VGS::: 10 Vdc 


~ 
S 


~ 
-40 


PLASTIC 
OR CERAMIC 
" 


PACKAGE 


"-"I"-. 


"- 
" 
~ 
"-" 


1000 


'i 
900 
oS 
z 
800 
o 


~ 
700 
~j 
600 
o~ 
a::,: 
500 
~c: 
:i.'~ 400 
::E 
~ 
300 


~ 
200 
::E 
~ 
100 


o 
25 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due to high static 
voltages 
or 
electric 
fields; 
hO\llA3ver, 
it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
fated voltages to this high 
impedance circuit. 
For proper operattan it 


is recommended that 
Vi" 
and Vout 
be 


constrained 
to 
the 
range 
VSS 
<; (Vin 
or 


Vou.1 
•• VOO· 


Unused inputs must always be tied to an 
appropriate 
logic 
voltage 
level (e.g., either 


VSS or VOOI. 


":---o--yVout 


c 
Vss 
I 
L 


Output Rise Time 
'TLH 
ns 
'TLH 
• 10.8 ns/pF) CL + 60 ns 
5.0 
- 
100 
160 


'TLH 
= 10.3 ns/pF) CL + 35 ns 
10 
- 
50 
100 


'TLH 
= 10.27 ns/pF) CL + 26.5 ns 
15 
- 
40 
60 


Output Fall Time 
'THL 
ns 


tTHL' 
10.3 ns/pFI CL + 25 ns 
5.0 
- 
40 
60 


'THL 
= 10.12 ns/pFI CL + 14 ns 
10 
- 
20 
40 
tTHL 
= 10.1 ns/pFI CL + 10 ns 
15 
- 
15 
30 


Propagation Delay Time 
tPLH 
ns 
tpLH 
= 10.38 ns/pFI CL + 61 ns 
5.0 
- 
80 
120 
tPLH = 10.20 ns/pFI CL + 30 ns 
10 
- 
40 
65 


'pLH 
= 10.11 ns/pFI CL + 24.5 ns 
15 
- 
30 
50 


Propagation Delay Time 
tpHL 
ns 
'pHL 
= 10.38 ns/pFI CL + 11 ns 
5.0 
- 
30 
60 
'pHL 
= 10.12 ns/pFI CL + 9 ns 
10 
- 
15 
30 
tpHL 
= 10.11 ns/pFI CL + 4.5 ns 
15 
- 
10 
20 


Output Rise Time 
'TLH 
ns 
tTLH 
= 10.7 ns/pF) CL + 65 ns 
5.0 
- 
100 
160 


tTLH 
= 10.25 ns/pF) CL + 37.5 ns 
10 
- 
50 
80 


'TLH 
= 10.2 ns/pF) CL + 30 ns 
15 
- 
40 
60 


Output Fall Time 
'THL 
ns 


'THL 
= 10.2 ns/pFI CL + 30 ns 
5.0 
- 
40 
60 
'THL 
= 10.06 ns/pFI CL +17 ns 
10 
- 
20 
40 
'THL 
= 10.04 ns/pF) CL + 13 ns 
15 
- 
15 
30 


Propagation Delay Time 
tpLH 
ns 
tPLH = 10.33 ns/pF) CL + 63.5 ns 
5.0 
- 
80 
140 
tPLH = 10.19 ns/pFI CL + 30.5 ns 
10 
- 
40 
80 
tPLH = 10.06 ns/pFI CL + 27 ns 
15 
- 
30 
60 


Propagation Delay Time 
tpHL 
ns 
tPHL = 10.2 ns/pF) CL + 30 ns 
5.0 
- 
40 
80 
tPHL = 10.1 ns/pF) CL + 15 ns 
10 
- 
20 
40 
tPHL = 10.05 ns/pF) CL + 12.5 ns 
15 
- 
15 
30 


V!c.UdC 


+1250C 
~ 
III 
"- 
\ 
VCC: 10 Vdc 
~, 
\ 
I II 
'-. 
\ 
VCC 
'" 5 Vdc 


"--. '-.1\ 


~ 
-n 


® MOTOROLA 


The MC14051 B, MC14052B, and MC14053B, analog multiplexers 


are digitally 
controlled 
analog switches. The MC14051 B effectively 
implements an 8PST electronic switch, the MC14052B a 4PDT or 
2P4T, and the MC14053B a DP3T or 3P2T. All three devices feature 
low ON impedance and very low OFF leakage current. Control of 
analog signalsup to the complete supply voltage rangecan beachieved. 


• 
High On/Off Output Voltage Ratio - 65 dB typical 
• 
Quiescent Current = 5.0 nA/package typical @5 Vdc 
• 
Low Crosstalk Between Switches - 80 dB typical 
• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Transmits Frequencies Up to 65 MHz 
• 
Linearized Transfer Characteristics, "RON <60 n for 
Vin = VDD to VEE@ 15 Vdc 
• 
Low Noise - 
12 nV/vcvcre, f;;' 
1 kHz typical 


• 
Pin-for-Pin Replacement for CD4051, CD4052, and CD4053 


Rating 
Symbol 
Value 
Unit 
-- 
VOOYEE 
DC Supply 
Voltage 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


Through 
Current 
I 
25 
mAde 


Operating 
Temperature 
Range 
0- 
AL Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-6510+150 
°c 


MC14051B 


8-Channel Analog 


Mu It ip lexer /Demu Itip lexer 


MCt4052B 


Dual 4-Channel Analog 
Mu Itiplexer /Demu Iti plexer 


MC140518 
MC140528 
MC140538 


ANALOG 
MUL TIPLEXERS/ 


DEMUL T1PLEXERS 


CASE 
620 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
648 


P SUFFIX 


PLASTIC 
PACKAGE 


_c,omr,."..".".~ 
L L 
Ceramic 
Package 
P 
Plastic 
Package 
A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


MC14053B 


Triple 2-Channel Analog 


Mu Itip lexer/Demu It iplexer 


Inhibit 


Controls 
{~ 
{6 
A 


) 
c•• ",,, 
" 
B 
13 
10 


C 
9 


XO 
12 
Commons 
Xl 
15 
"'''';.", 
...f 


X 
3 
11 
X2 
Carnlnon 
Switches 


Switches 
X3 
Cutlln 
In/Out 
, 
In/Out 
1 


In Out 
X4 
5 
3 
5 


X5 
2 
3 


X6 
4 


X7 


VOO'" 
Pin 
16 
VOO 
'" P n 16 


VSS '" Pin 8 
VSS '" P n 8 


VEE=Pin7 
VEE"'Pn7 


Note: Control Inputs referenced to VSS. Analog Inputs and Outputs reference to VEE. VEE must be "VSS' 


Voo'" 
Pin 
16 


VSS",Pin8 


VEE",Pin7 


I 
t,,·< 


Control Inputs 


Select 
ON Switches 


Inhibit 
C' 
B 
A 
MC140S1B 
MC140S2B 
MC140S3B 


0 
0 
0 
0 
XO 
VO 
XO 
ZO 
VO 
XO 
0 
0 
0 
1 
X, 
V1 
Xl 
ZO 
VO 
X1 
0 
0 
1 
0 
X2 
V2 
X2 
ZO 
Vl 
XO 
0 
0 
1 
1 
X3 
V3 
X3 
ZO 
V1 
Xl 
0 
, 
0 
0 
X4 
Z1 
VO 
XO 
0 
1 
0 
1 
X5 
Z1 
VO 
Xl 
0 
1 
1 
0 
X6 
Z1 
V, 
XO 
0 
1 
1 
1 
X7 
Z1 
Vl 
Xl 


1 ... 
None 
None 
None 


Inh 
6 


A '0 


B 
9 


XO 
12 


Xl 
14 
I 
13 
X 
X2 
15 


X3 
" 
I 
I 
~~i~= 
=======~=!tJ='ij}" 


Inlout 
rout/ln 


Control 


Inh 
6 


A 
" 


B 
10 


C 
9 


X013 


Xl14 


X215 


X5 
5 


X6 
2 


Jnh 
6 
All 
B '0 
C 
9 


X012 


X113 


:~ 
~ 
n: 
~ 


:~::~------------- 


Voo· 
Tlow. 
25°C 
Thigh * 
VEE 
Min 
Max 
Min 
Max 
Unit 
Characteristic 
Symbol 
Vdc 
Min 
Max 
Typ 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = VOO or VSS 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


VSS = VEE 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = a or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage#" 
"0" Level 
VIL 
Vdc 


(VO 
4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vdc 


(VO 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdc) 
15 
11.25 
- 
11.0 
8.25 
- 
11.0 
- 


Input 
Current 
(Control, 
Inhibit) 
lin 
- 
- 
- 
- 
10 
- 
- 
- 
pAde 


Input 
Capacitance 
Gin 
pF 


(Vin 
- 0) 


Control, 
Inhibit 
- 
- 
- 
- 
5.0 
- 
- 
- 


Switch 
Inpuls 
- 
- 
- 
- 
10 
- 
- 
- 


Output 
Capacitance 
MC14051 B 
Cout 
10 
- 
- 
- 
60 
- 
- 
- 
pF 


MC14052B 
10 
- 
- 
- 
32 
- 
- 
- 


MC14053B 
10 
- 
- 
- 
17 
- 
- 
- 


Feedthrough 
Capacitance 
MC14051B 
Cin-out 
10 
- 
- 
- 
0.18 
- 
- 
- 
pF 


MC14052B 
10 
- 
- 
- 
0.12 
- 
- 
- 


MC14053B 
10 
- 
- 
- 
0.10 
- 
- 
- 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IJAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CUe? 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current**t 
IT 
5.0 
IT 
(0.07 "A/kH,) 
f + 10 
J,iAdc 


(Dynamic 
plus Quiescent, 
10 
IT 
10.20 "A/kH') 
f + 10 


Per 
Package) 
15 
IT 
(0.36 "A/kHz) 
f + 10 


ON Resistance 
(AL Device) 
RON 
5.0 
- 
880 
- 
250 
1050 
- 
1200 
n 


10 
- 
400 
- 
120 
500 
- 
550 


15 
- 
220 
- 
80 
280 
- 
320 


ON Resistance 
(CUe? Device) 
RON 
5.0 
- 
880 
- 
250 
1050 
- 
1200 
n 


10 
- 
450 
- 
120 
500 
- 
520 
15 
- 
250 
- 
80 
280 
- 
300 


A ON 
Resistance 
Between 
Any 
"RON 
5.0 
- 
- 
- 
25 
- 
- 
- 
n 


Two 
Channels 
10 
- 
- 
- 
10 
- 
- 
- 


15 
- 
- 
- 
5.0 
- 
- 
- 


OFF 
Channel 
Leakage 
Current 
- 
nAdc 


Any Channel 
15 
- 
100 
- 
• 0.01 
100 
- 
1000 


IAL 
Device) 
All Channels OFF: 


MC140518 
15 
- 
100 
- 
±O.O8 
100 
- 
1000 


MC14052B 
15 
- 
100 
- 
'0.04 
100 
- 
1000 
MC14053B 
15 
- 
100 
- 
'0.02 
100 
- 
1000 


OFF 
Channel Leakage Current 
- 
nAdc 
Any Channel 
15 
- 
1000 
- 
'0.01 
1000 
- 
3000 
(CLlCP Device) 
All Channels OF F: 
MC10451B 
15 
- 
1000 
- 
'0.08 
1000 
- 
3000 


MC10452B 
15 
- 
1000 
- 
'0.04 
1000 
- 
3000 


MC10453B 
15 
- 
1000 
- 
'0.02 
1000 
- 
3000 


·Tlow 
= -55°C 
for AL Device, -400C 
for CLlCP 
Device. 


Thigh = +1250C 
for AL Oevice, +850C 
for CL/CP 
Device. 
#Noise 
immunity 
is defined as the control 
input voltage coincident 
with the 


sPecified change, .oVout, at an output 
in the OFF state. 


··The 
formulas given are for the typical characteristics only at 25°C. 
tTotal 
Supply Current, 
IT. is the current drawn at device terminals VOD 
and 
VSS for total current 
through the device. The channel component, 
(Vin-Vout)/RON. 
should not be included. 


• 


Characteristic 
Symbol 
VOO,VEE 
Typ 
Max 
Unit 
Vdc 
All Typos 


Propagation Delay Times 
tPLH, tPHL 
ns 


Switch 
Input to Switch 
Output 
(AL::: 10 knl 
MC14051 
'pLH,'PHL 
= (0.17 ns/pF) CL + 26.5 ns 
5.0 
35 
90 


tpLH, tpH L • 10.08 ns/pF) CL + 11 ns 
10 
15 
40 


'pLH, 
tpH L = 10.06 ns/pF) CL + 9.0 ns 
15 
12 
30 


MC14052 
'pLH, 
'PHL = (0.17 ns/pFI CL + 21.5 ns 
5.0 
30 
75 
ns 


tpLH, 'pHL 
= (0.08 ns/pF) CL + 8.0 ns 
10 
12 
30 


tPLH, tpHL = (0.06 ns/pF) CL + 7.0 ns 
15 
10 
25 


MC14053 
tPLH, 'pHL 
= 10.17 ns/pFI CL + 16.5 ns 
5.0 
25 
65 
ns 


tpLH, 'pHL 
= (0.08 ns/pFI CL + 4.0 ns 
10 
8.0 
20 


'PLH, tPHL = (0.06 ns/pF) CL + 3.0 ns 
15 
6.0 
15 


Inhibil 
to Output 
(AL = 10 knl: 
tpHZ, 
tPLZ, 
Output 
"'" 
or "0" to High Impedance, or 
ns 


High Impedance to "," 
or "0" 
Level 
tPZH, 
tpZL 


MC14051B 
5.0 
350 
700 
10 
170 
340 
15 
140 
280 


MC14052B 
5.0 
300 
600 
ns 
10 
155 
310 
15 
125 
250 


MC14053B 
5.0 
275 
550 
ns 
10 
140 
280 
15 
110 
220 


Control Input to Output 
(AL = 10 kill 
'pLH, 
tpHL 
ns 


MC14051B 
5.0 
360 
720 


10 
160 
320 


15 
120 
240 


MC14052B 
5.0 
325 
650 
ns 
10 
130 
260 
15 
90 
180 


MC14053B 
5.0 
300 
600 
ns 
10 
120 
240 
15 
80 
160 


Sine Wave Distortion 
- 
10 
0.04 
- 
% 


(AL = 1 kn, 
f = 1 kHzl 


Bandwidth 
BW 
MHz 


(AL = 1 kn, 
Vin = 1/2 (VDD' 
VSS) p.p, 


20 Log 10 VDut 
= -3 dB) 
MC14051B 
10 
20 
- 
Vin 
MC14052B 
10 
30 
- 


MC14053B 
10 
55 
- 


Feedthrough 
Attenuation, 
Input to Output 
- 
MHz 


(AL = 1 kn, 
20 Log 10 ~out 
= -50 dB) 
MC14051B 
10 
4.5 
- 
In 
MC14052B 
10 
30 
- 
MC14053B 
10 
55 
- 


Channel Separation 
- 
10 
3.0 
- 
MHz 


(AL = 1 kn, 
Vin = 1/2 (VDD' 
VSS) pop, 


20 Log 10 Vout(B) 
= -50 dBI 
v;;;(A) 


Feedthrough 
Control, 
Input to Output 
- 
10 
30 
- 
mV 
(Al 
= 1 kn, AL = 10 kn Control/Inhibit 


'TLH 
= tTHL 
= 20 ns) 


Maximum 
Control 
Frequency 
- 
10 
10 
- 
MHz 
(AL = 1 kn, 
Vout = 1/2 Vinl 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 
pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained to the range Vee 
CO; (Vin or Voutl 
';;VDD· 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either VSS or VooL 
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® MOTOROLA 


QUAD ANALOG 
SWITCH/QUAD 
MULTIPLEXER 


The MC14066B 
consists of four 
independent 
switches capable of 
controlling 
either digital 
or analog signals. This quad bilateral 
switch 
is useful 
in 
signal gating, 
chopper, 
modulator, 
demodulator 
and 
CMOS logic implementation. 


The MC14066B 
is designed to be pin-for-pin 
compatible 
with the 
MC14016B, 
but has much lower ON resistance. Input voltage swings 
as large as the full 
supply 
voltage 
can be controlled 
via each inde· 
pendent control 
input. 


• 
High On/Off 
Output 
Voltage 
Ratio - 
65 dB typical 
• 
Quiescent Current 
= 0.5 nA/package 
typical 
@ 5 Vdc 
• 
Low Crosstalk Between Switches -50 
dB typical 
@ 8 MHz 
• 
Diode Protection 
on All 
Inputs 
• 
Supply Voltage 
Range = 3.0 Vdc to 18 Vdc 
• 
Transmits 
Frequencies Up to 65 MHz 
@ 10 Vdc 
• 
Linearized 
Transfer Characteristics, 
£>RON <60 Q for 
Vin = VDD to VSS (at 15Vl 
• 
Low Noise - 
12 nV/v Cycle, f ;;. 1 kHz typical 
• 
Pin-for·Pin 
Replacement 
for 
CD4016, 
CD4066, 
MC14016 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input Voltage, 
All Inputs 
Vin 
-{).5 to VDD + 0.5 
Vdc 


Through Current 
I 
25 
mAde 


Operating Temperature 
Range - 
AL Device 
;A 
-55 to +'25 
°c 
CLlCP 
Device 
-40 '0 +85 


Storage Temperature 
Range 
Tug 
-65 '0 +'50 
°c 


~ 


V:~ 
V;J 


Control 
::><1.5 
~ 


kQ 
1 


'="" 
~ 


MC140668 


QUAD ANALOG 
SWITCH 
QUAD 
MULTIPLEXER 
,.-..• 


L SUFFIX 
P SUFFIX 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
632 
CASE 
646 
ORDERING INFORMATION 
."" 
"11SUffIX 
oeno,e, 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


'~3 
Control 
1 
2 


1 
Out 
1 
In 1 
BLOCK 


~ 


5 
DIAGRAM 
Control 
2 


3 
4 
Out2 


In 2 


contrOl3~9 


8 
Out 
3 


In 3 


'~ 
VOO=Pin14 
Control 
4 
10 
VSS = Pin 
7 


11 
Out4 


In 4 


In/out~ 
Out/In 


Control ~ 


Logic Diagram 
Restrictions 


VSS 
SVin 
SVOO 


VSS 
~Vout 
SVOO 


Vcontrol 
Vin 
to Vout 
Resistance 


VSS 
>109 
Ohms typ 


VOo 
3 x 102 
Ohms typ 


• 


VDD 
Tlow. 
25°C 
Thigh- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Input Voltage (Control) 
"0" Level 
VIL 
Vdc 


(Va 
= 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVo· 
9.00r 
1.0Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


IVO· 
13.5 or 1.5 Vdc) 
15 
- 
3.75 
- 
6.75 
3.75 
- 
3.75 


"1" 
Level 
VIH 
Vdc 


(VO ~ 0.5 or 4.5 VdcJ 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


IVO = 1.5 or 13.5 Vdc) 
15 
11.25 
- 
11.25 
8.25 
- 
11.25 
- 


Input 
Current 
IAL 
Device) 
Control 
I,n 
15 
- 
±O.l 
- 
±0.00001 
±0.1 
- 
± 1.0 
#lAde 


Input Current 
ICLlCP 
Device) 
Control 
lin 
15 
- 
±0.3 
- 
±O 00001 
+0.3 
- 
+ 1.0 
/JAde 


Input Capacitance 
C,n 
pF 


IV," -0) 


Control 
Input 
- 
- 
- 
50 
7.5 
- 
- 


Switch 
Inputs 
10 
- 
- 
- 
8.0 
15 
- 
- 


Output 
Capacitance 
COUT 
10 
- 
- 
- 
8.0 
- 
- 
- 
pF 


F-eedth 
rough 
Capacl 
lance 
Cin-oul 
10 
- 
- 
- 
0.5 
- 
- 
- 
pF 


Quiescent 
Current 
(AL 
Device) 
10 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
/JAde 


(Per Pac.kagel 
10 
- 
0.50 
- 
00010 
0.50 
.. 
15 


15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent 
Current 
(CLlCP 
DeVice) 
10 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
/JAde 
(Per Packagel 
10 
- 
20 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


ON 
ReSistance 
(AL 
DeVice) 
RON 
5.0 
- 
800 
250 
1050 
- 
1200 
l! 


10 
- 
400 
- 
120 
500 
- 
520 


15 
- 
220 
- 
80 
280 
- 
300 


ON ReSistance 
(CLlCP 
Device) 
RON 
5.0 
- 
880 
- 
250 
1050 
- 
1300 
l! 


10 
- 
450 
- 
120 
500 
- 
550 


15 
- 
250 
- 
80 
280 
- 
320 


LlON 
Reslstdnce 
Between Any Two of 
tI RON 
5.0 
- 
25 
- 
- 
- 
l! 


Four 
SWitches 
10 
- 
.- 
- 
10 
- 
- 
- 


15 
- 
- 
- 
5.0 
- 
- 
- 


Input/Output 
Leakage Current 
- 
15 
- 
±100 
- 
±0.01 
± 100 
- 
±1000 
nAdc 
Switch OFF 
(Al 
DeVice) 


:nput/Outpuf 
Leakage Current 
- 
15 
- 
±300 
- 
±0.01 
±300 
_. 
± 1000 
nAdc 


SWllch 
OFF 
ICLlCP 
Device) 


-The formulas given are for the typical characteristics only. 


Tlow - -550C for AL Device, -400C for CL/CP 
Device. 


Thigh = +1250C 
for AL Device, +850C for CL/CP Device . 


This 
device contains circuitry 
to 
protect 


the inputs against damage due to high static 
voltages or 
electric 
fields; hOV\lever, it 
is 


advised that normal precautions be taken 
to avoid application of any voltage hicher 
than maximum 
rated voltages to this high 
impedance circuit. For proper operation it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS <. (Vin 
or 


Vout) 
•• VDO' 


Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 
VSS or VOD), 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 
Vdc 


Propagation Delay Times 
VSS=OVdc 


Input to Output 
(RL = 10 kn! 
tPLH. tpHL 
n. 


tPLH. tPHL = (0.17 ns/pF) CL + 15.5 ns 
5.0 
- 
20 
40 


tPLH. tpHL - (O.OSns/pF) CL + 6.0 ns 
10 
- 
10 
20 


tPLH. tpHL = (0.06 ns/pF) CL + 4.0 ns 
15 
- 
7.0 
15 


Control to Output 
(R L • 1 knl 


Output 
"'" 
to High Impedance 
tPHZ 
5.0 
- 
40 
SO 
n. 


10 
- 
35 
70 


15 
- 
30 
60 


Output 
"0" 
to High Impedance 
tpLZ 
5.0 
- 
40 
SO 
n. 
10 
- 
35 
70 


15 
- 
30 
60 


High Impedance to Output 
"'" 
tpZH 
5.0 
- 
60 
120 
n. 


10 
- 
20 
40 


15 
- 
15 
30 


High Impedance to Output 
"0" 
tpZL 
5.0 
- 
60 
120 
n. 


10 
- 
20 
40 
15 
- 
15 
30 


Sine Wave Distortion 
VSS = -5 Vdc 
- 
5.0 
- 
0.1 
- 
'J(, 
1Vin : 1.77 Vdc. RMS centered 
@ 0.0 Vdc. 


RL = 10 kn. f = 1.0 kHz) 


Frequency 
Response (Switch ON) 
VSS: 
-5 Vdc 
- 
5.0 
- 
65 
- 
MHz 


(RL = 1 kn.20 
Log,0 
Vout 
= -3 dS) 
Vin 


Feedthrough 
Attenuation 
(Switch OFF) 
VSS' 
-5 Vdc 
- 
5.0 
- 
1.0 
- 
MHz 


(RL = 1 kn. 20 Logl0 
Vout 
• -50dS! 
Vin 


Crosstalk Between Any Two Switches 
VSS = -5 Vdc 
- 
5.0 
- 
S.O 
- 
MHz 


(RL = 1 kn.20 
Logl0 
Vout(S) 
= -50 dB 
VinlA) 
• 


(Switch A ON. Switch B OFF! 


Crosstalk, Control 
Input to Signal Output 
VSS = -5 Vdc 
- 
5.0 
- 
300 
- 
mV 


Maximum 
Control 
Input 
Frequency 
VSS' 
0 Vdc 
5.0 
6.0 
MHz 


(20 Logl0 
Vout 
= -6 dB! 
10 
- 
S.O 
- 


Vin 
15 
- 
S.5 
- 
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The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic 
structure (Comple- 
mentary MaS). Their primary use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacement for CD4068B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0510+18 
Vdc 


Input 
VOltage. 
All 
Inputs 
V,n 
-05 
to VOO .05 
Vdc 


DC 
Current 
Drain 
per 
PIn 
I 
10 
mAde 


Operating 
Temperature 
Range 
A L Device 
TA 
-55 
to 
-+ 125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
T"g 
-65 to 
+ 150 
°c 


MC14068B 


L SUFFIX 


CE RAMie 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


.""m1~':'~,"::::.- 
P 
Plastic 
Package 
A 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 
Temperatur. 
Range 


~P-13 
10 
11 
12 


This 
device contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised that 
normal 
precautions 
be taken 
to avoid application 
of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
" 
(Vin 
or 
Vout) 
<; VOO· 


Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 
VSS or VOOI. 


@ MOTOROLA 


The MC14069UB hex inverter is constructed with MOS P-channel 


and N-channel enhancement mode devices in a single monolithic 


structure. 
These 
inverters 
find 
primary 
use 
where 
low 
power 


dissipation 
and/or 
high 
noise 
immunity 
is desired. 
Each 
of 
the 
six 


inverters 
is a single 
stage to minimize 
propagation 
delays. 


• 
Quiescent Current = 0_5nA typ!pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-Power TTL Loads, 


One Low-Power Schottky TTL Load or Two HTL Loads 
Over the Rated Temperature Range 


• 
Double Diode Protection on All Inputs 


• 
Pin-far-Pin Replacement for CD4069UB 
• 
Meets JEDEC UB Specifications 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0510 
+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


,-{»-, 
3-{»-. 
S-{»-6 
9-{»-S 


11-{»-'O 


13-{»-'2 


MC14069UB 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXUB 
~SUffiX 
Denotes 


T - L 
Ceramic 
Package 
L P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


This device contains circuitry 
to protect 


the inputs against damage due to high static 
voltages or electric 
fields; however, 
it is 


advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended 
that 
Vin and Vout 
be 
constrained to the range VSS ~ 
(Vin or 
Vou') ';;VOO' 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSSor VOOI. 


Voo 
Tlow . 
25°C 
Thigh- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
.. 
0.05 
.. 
a 
0.05 
.. 
0.05 
Vdc 


V,n 
VOO or a 
10 
.. 
0.05 
.. 
a 
0.05 
- 
0.05 


15 
.. 
0.05 
.. 
a 
0.05 
.. 
0.05 


", .• Level 
VOH 
5.0 
4.95 
.. 
4.95 
5.0 
.. 
4.95 
.. 
Vdc 


Vin 
a or VOO 
10 
9.95 
.. 
9.95 
10 
.. 
9.95 
.. 


15 
14.95 
.. 
14.95 
15 
.. 
14.95 
.. 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO = 4.5 Vdcl 
5.0 
.. 
1.0 
.. 
2.25 
1.0 
- 
1.0 


(VO = 9.0 Vdcl 
10 
.. 
2.0 
.. 
4.50 
2.0 
.. 
2.0 
(Vo = 13.5 Vdc) 
15 
.. 
2.5 
.. 
6.75 
2.5 
.. 
2.5 


"'" 
Level 
VIH 
(VO = 0.5 Vdc) 
5.0 
4.0 
- 
4.0 
2.75 
.. 
4.0 
.. 
Vdc 


(VO = 1.0 Vdc) 
10 
8.0 
.. 
8.0 
5.50 
.. 
8.0 
.. 


(VO = 1.5 Vdc) 
15 
12.5 
.. 
12.5 
8.25 
.. 
12.5 
.. 


Output Drive Current (AL Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
.. 
-2.4 
-4.2 
.. 
-1.7 
.. 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
.. 
-0.51 
-0.88 
.. 
-0.36 
.. 


(VOH = 9.5 Vdcl 
10 
-1.6 
.- 
-1.3 
-2.25 
.. 
-0.9 
.. 


(VOH = 13.5 Vdcl 
15 
-4.2 
.. 
-3.4 
-8.8 
.. 
-2.4 
.. 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
.. 
0.51 
0.88 
.. 
0.36 
.. 
mAde 


(VOL = 0.5 Vdc) 
10 
1.6 
.. 
1.3 
2.25 
.. 
0.9 
.. 


(VOL = 1.5 Vdc) 
15 
4.2 
.. 
3.4 
8.8 
.. 
2.4 
.. 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
.. 
-21 
-4.2 
-- 
-1.7 
.. 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
.. 
-0.44 
-0.88 
.. 
-0.36 
.. 


(VOH = 9.5 Vdcl 
10 
-1.3 
.. 
-1.1 
-2.25 
.. 
-0.9 


'" 
(VOH = 13.5 Vdcl 
15 
-3.6 
.. 
-3.0 
-8.8 
.. 
-2.4 
.. 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.5? 
.. 
0.44 
0.88 
.. 
0.36 
.. 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
.. 
1.1 
2.25 
0.9 
.. 


(VOL = 1.5 Vdcl 
15 
3.6 
.. 
3.0 
8.8 
.. 
2.4 
.. 


Input 
Current 
(AL 
DeVice) 
lin 
15 
.. 
'0 
1 
'0.00001 
±O.l 
- 
± 1.0 
J,lAdc 


Input 
Current 
(CUep 
Device) 
lin 
15 
, 0.3 
'0.00001 
±0.3 
.. 
± 1.0 
,lJAdc 


Input 
Capacitance 
Gin 
- 
.. 
- 
50 
7.5 
.. 
.. 
pF 


IV In 
01 


QUiescent Current 
(Al 
DeVice) 
10D 
50 
.. 
0.25 
.. 
0.0005 
0.25 
.. 
7.5 
j.lAdc 


(Per Package) 
10 
0.50 
.. 
0.0010 
0.50 
.. 
15 


15 
1.00 
.. 
0.0015 
1.00 
.. 
30 


QUiescent 
Current 
(CUep 
Devlcel 
IDO 
5.0 
.. 
1.0 
.. 
0.0005 
1.0 
.. 
7.5 
JJAdc 


(Per 
Package) 
10 
.. 
2.0 
.. 
0.0010 
2.0 
.. 
'5 
15 
.. 
4.0 
.. 
0.0015 
4.0 
.. 
30 


Total Supply Current··t 
IT 
5.0 
IT = (0.3 )lA/kHz) 
f + 100/6 
,uAdc 


(Dynamic 
plus 
Ouiescent. 
Per Gate) 
10 
IT = (0.6 )lA/kHz) 
f + 100/6 


(CL = 50 pF) 
15 
IT = (0.9 )lA/kHz) 
f + 100/6 


Output 
Rise and 
Fall Times-· 
tTLH. 
ns 


ICL = 50 pFI 
tTHL 
lTLH,lTHL 
= (1.35 
ns/pF) 
CL + 33 ns 
5.0 
.. 
.. 
.. 
100 
200 
.. 
.. 


lTLH,lTHL 
= 10.60 ns/pFI 
CL + 20 ns 
10 
.. 
.. 
.. 
50 
100 
.. 
.. 


lTLH, 
lTHL 
= 10.40 ns/pFI 
CL + 20 ns 
15 
.. 
.. 
.. 
40 
80 
.. 
.. 


Propagation 
Delay Times" 
lPLH, 
ns 


(CL = 50 pFI 
lPHL 


lPLH,tPHL 
= (0.90 
ns/pFI 
CL + 20 ns 
5.0 
.. 
.. 
.. 
65 
125 
.. 
.. 


lPLH,lPHL 
= (0.36 
ns/pFI 
CL + 22 ns 
10 
.. 
.. 
.. 
40 
75 
.. 
.. 


lPLH,tPHL 
= (0.26 
ns/pFI 
CL + 17 ns 
15 
.. 
.. 
- 
30 
55 
.. 
.. 


-Tlow"'" 
SSOC for AL 
Device, _40oC 
for CLlCP 
Oevice 


Thigh"''' 
12SoC for AL 
Device, +8SoC for CL!CP 
Oevice 
tTo 
calculate 
total 
supply 
current 
at loads other 
than SO pf: 


IT(CL) 
"'" IT(SO pF) 
+ 6 X 10 
3(CL 
- 50lVoOf 


where: 
IT is in jJA (per package), 
CL in pF, 
VOO 
in Vdc, 
and f 
kHz is input 
frequency. 


•• The 
formulas 
given 
are for 
the 
tYpical 
characteristics 
only 
at 


250C. 


#Noise 
immunity 
specifIed 
for 
worst 
case 
input 
combination. 
Noise Margin 
for both 
"1" 
and "0" 
level "'" 


0.5 Vdc min 
@ VOD 
2 5.0 Vdc 


1.0 Vdc min 
@ VDO;; 
10 Vdc 


1.0 Vdc min@ 
VOO '" 15 Vdc 


® MOTOROLA 


CMOS 551 


QUAD EXCLUSIVE 
"OR" AND "NOR" 
GATES 


The MC14070B quad exclusive OR gate and the MC14077B quad 


exclusive 
NOR 
gate 
are 
constructed 
with 
MaS 
P-channel and 
N-channel 
enhancement 
mode 
devices 
in 
a 
single 
monolithic 


structure. 
These complementary 
MaS logic gates find primary use 


where low power dissipation and/or high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 
• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
MC14047B - 
Replacement for CD4030B, CD4070B, and 
MC14507 Types 
• 
MC14077B - 
Replacement for CD4077B Type 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


MC14070B 


MC14077B 


CASE 
632 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
646 


P SUFFIX 


PLASTIC 
PACKAGE 


"""'"'1~SUff;X 
Denote. 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperatur. 
Range 
C 
Limited 
Operating 
Temperatur. 
Range 


MC14070B 
QUid Exclusive OR 
Gete 


MCl4077B 
Quad Exclusive NOR 
Got. 


VOD 
- Pin 14 


Vss - Pin 7 
(Both 
Devices) 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output 
Vol 
tage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vdc 


V,n 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
a or Von 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage%: 
"0" Level 
VIL 
Vdc 
1VO - 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
. 


1VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


1VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1 5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
10H 
mAde 


1VOH = 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
-- 


1VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUe? 
Devlcel 
10H 
mAde 


1VOH = 2.5 Vdcl. 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-3.6 
-- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
COrrent 
lAL 
DeVice) 
'in 
15 
- 
.10.1 
- 
±0.00001 
±O 1 
- 
.11.0 
JJ.Adc 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
±O3 
- 
±O.ooool 
.1 0.3 
- 
! 1.0 
JJ.Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
'" 0) 


Ouiescent 
Current 
(AL 
DeVice) 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
,uAdc 
(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 


15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent 
Current (CUe? 
DeVice) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
/-lAde 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total Supply Current--1 
IT 
5.0 
IT = 10.3 "A/kHz) 
f + 100 
J,JAdc 


(DynamiC 
plus QUiescent. 
10 
IT = 10.6 "A/kHz) 
f + IDO 
Per Package) 
15 
IT = 10.9 "A/kHz) 
f + 100 


(CL ":50 pF on all outputs, all 
buffers switching) 


Output Rise and Fall Times·· 
tTLH. 
ns 
ICL = 50 pFI 
tTHL 
tTLH. 
tTHL 
= 11.35 ns/pFJ CL + 33 ns 
5.0 
- 
- 
- 
100 
200 
- 
- 


tTLH. 
tTHL 
= (0.60 ns/pF) CL + 20 ns 
10 
- 
- 
- 
50 
100 
- 
- 


tTLH. 
tTHL 
= (0.40 ns/pF) CL + 20 ns 
15 
- 
- 
40 
80 
- 
- 


Propagation Delay Times·· 
tPLH. 
ns 


ICL = 50 pF) 
tPHL 
tPLH.tpHL 
-10.90ns/pF) 
CL+115 ns 
5.0 
- 
- 
- 
175 
350 
- 
- 


tPLH.tPHL 
=10.36n,/pF) 
CL+47 n, 
10 
- 
- 
- 
75 
150 
- 
- 


tpLH.tpHL 
-lO.26 nslpF) CL+37 ns 
15 
- 
- 
- 
50 
100 
- 
- 


·T,ow" 
-SSoC for AL Oevlce, -40oC for CLlCP DeVice 
Thigh" 
+12SoC for AL Device. +850C for CLlCP Device. 


.cNoise Immunity specified for worst-case input combination. 


NOIseMargm for both "'" 
and "0" level'" '.0 Vdc min @ VOD 
'" 5.0 Vdc 


2.0 Vdc min @ VOO 
"10 
Vdc 


2.5 Vdc min@ VOO 
" 15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


ITICL) 
- ITI50 pF) 
+ 1 • 10-3 ICL -50) VOOf 


where: IT 
IS in ~A (per package), CL in pF, VOO in Vdc. and f in kHz is input frequency. 


• ·The formulas given are for the typical characteristics only at 25°C. 


Thi,cIeooice 
conl.,n, 
c"c",t,y 
10 1I<0t":l 
I...• ,nPIIIt .,ntl 
ll~mov- due to h,gh 


1I.lic\l'l;>II"Of.IecI'lcf~Id'.ho_. 
it~todv;"'I""I_ 
••••IPI"_"tion,~ 
tIIk••• IO_Icl_Ilc:ellonol.ny 
••••h• 


•••••.••• I••••.••••• ~'mIlm 
,•• -.I 
••••11•• 
to 
mil h•••• lmpod_ 
cif'c"it.FOfpr_ 
_ 
••Ion it il'_.......,..;Ied 
t•.••tVin....cl 


,,_ 
~ 
oonllt,.il'Olld 
to 
I•.•• , •••• 
"SS 
•• 
1Vin0' "_I 
< "DO. 


U••••• 
inputs 
mIllt ._YI 
~ 1_ 10en 


l$IPtOlWiM. 
fogoc 
••••II•••••.••• 
I• .g .• efthw 


"SSo'''OOI 
. 
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The MC14071 and MC14071 B are constructed with P and N channel 
enhancement mode devices in a single monolithic 
structure 
(Comple- 
mentary 
MaS). 
Their 
primary 
use is where low power dissipation 
and/or 
high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range. (MC14071 B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin-far-Pin Replacements for CD4071A and CD4071 B 


Rating 
Symbol 
Value 
Unit 


Do..: Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VOO +0.5 
Vdc 


DC Current 
Drain 
per 
Pm 
I 
10 
mAde 


Operating 
Temperature 
Range 
- AL Device 
TA 
-55 to +125 
DC 


CLlCP 
Device 
--40 to +85 


Storage 
Temperature 
Range 
T stg 
-65 to +150 
DC 


See the MC14001 B data sheet for complete characteristics of the 
B-Series device. 


NOTE: 


MC14071 
(Non B) is not recommended for new designs. 
Use MC14071 
B. 


MC14071 
MC14071B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


Me 14X XxJ"lI:':',..:~:',:._ 


Delete 
for 
P 
Plastic 
Package 
Nan.S 
Device 
A 
Extended 
Operating 
Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 


Voo 
= Pin 
14 


VSS 
= Pin 
7 


This device 
contains 
circuitry 
to protect 
the inputs 
against damage due 
to high static 
voltages 
or electric 
fields; 
however, 
it is advised tt'lat nor- 
mal precautions 
be taken to avoid application 
of any voltage 
higher than 
maximum 
rated 
vOltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin 
and Vout 
be constrained 
to the 
range VSS ~ 
(Vin 
or Vout) 
~ 
VOO' 
Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage 
level 
(e.g.• either 
VSS or VOO). 


@ MOTOROLA 


The 
B Series 
logic 
gates 
are constructed 
with 
P and 
N channel 
en- 
hancement 
mode 
devices 
in a single 
monolithic 
structure 
(Comple- 
l]1entary 
MOS). 
Their 
primary 
use is where 
low 
power 
dissipation 
and/or 
high noise immunity 
is desired. 


• 
Quiescent 
Current 
= 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise 
Immunity 
= 45% of VDD typ 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
All Outputs 
Buffered 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, 
One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated 
Tempera· 
ture 
Range. 


• 
Double 
Diode 
Protection 
on All Inputs 


• 
Pin-far-Pin 
Replacement 
for CD4072B 


RatiAQ 
Svmbol 
Value 
Unit 


DC 
SupplV 
Voltage 
VOO 
-05 
to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Von 
-05 
to VOO 
+05 
Vdc 


DC 
Current 
DraIn 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL DeVIce 
TA 
-55 to +125 
°c 
Cl/CP 
DeVIce 
-40 to +85 


Storage 
Temperature 
Range 
T"g 
-65 to +150 
°c 


~ 
the MC14001 
B data sheet 
for complete 
characteristics 
for 
this device. 


MC140728 


L SUFFIX 


CE RAMie 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


M<>""'lI:':' ~,.::.::- 
P 
PI.stic Pack.ge 
A 
Extended 
Operating 
Tamper.tur. 
R.nge 
C 
Limited 
Operating 
Temper.tur. Range 


~~1 
1:~13 
11 


12 


This 
device 
contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or electric 
fields; hov.ever. it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. For proper operatton it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS 
It; 
1Vin or 
Vau.1 <; VOO' 
Unused in~uts 
must always be tied to an 
appropriate logic voltage level le.g., either 
VSS or VOOI. 


@ MOTOROLA 


The B Series logic gates are constructed with P and N channel en· 
hancement mode devices in a single monolithic 
structure (Comple- 


rpentary MOS). Their primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to '8 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low·p6wer TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacement for CD4073B 


R~ting 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0510+18 
Vdc 


Input 
VOltage. 
All 
Inputs 
Von 
-05toVOO-05 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL DevIce 
TA 
-55 
to + 125 
°c 
CUCP 
DeVice 
-40 
TO +85 


Storage 
Temperature 
Range 
T stg 
-65 
to +'50 
°c 


Voo 
d 
8,5,13 -----i 
9 
Vss 


MC140738 


,JIfffffn, .• 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


·<'•••••1~:·",.'::::.~ 


P 
Plestic 
Package 
A 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 
Temperatur. 
Range 


"3D- 
12 
10 


13 


This device contains circuitry 
to protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised 
that 
normal 
precautions 
be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. For proper operation it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS 
iii; 
(Vin 
or 


Vau,) 
" 
VOO' 


Unused inp'uts must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor 
VOOI. 


® MOTOROLA 


The B Series logic gates are constructed with 
P and N channel en- 


hancement mode devices in a single monolithic 
structure 
(Comple- 


lJ1entary MOS). Their 
primary 
use is where low power dissipation 
and/or high noise immunity 
is desired_ 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to '8 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-power 
TTL Loads, One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Tempera- 


ture Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacement for CD4075B 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0510+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-05 
to VOO -05 
Vdc 


DC Current 
Dram per PIn 
I 
10 
mAde 


Operating 
Temperature 
Range 
A l DeVice 
TA 
-55 
to + 1~5 
°c 


CLlCP 
DeVIce 
-40 to t85 


Storage Temperature 
Range 
T"0 
-65 to + 150 
°c 


MC14075B 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASe 
646 


.".m"1I::·,..:~::.- 
P 
PI,stic Pukeg_ 


A 
Extended Operating 
Temperatur. 
Range 
C 
Limited 
Operating 
Temper.tur. 
Range 


LOGIC 
DIAGRAM 
:3=[>-9 
:3=[>-6 
"3=[>- 
12 
10 
'3 


This 
device 
contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
however. 
it 
is 


advised 
that 
normal 
precautions 
be taken 


to 
avoid 
application 
of any voltage 
high"er 
than 
maximum 
rated voltages to this high 
impedance 
circuit. 
For proper 
operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
" 
(Vin 
or 
Vou,)';; 
VOO' 
. 


Unused 
inp.uts must 
always 
be tied 
to an 


appropriate 
logic 
voltage 
level (e.g., either 


VSS or VOOI. 


@ MOTOROLA 


4-BIT 
OoTYPE REGISTER 
with THREE-STATE 
OUTPUTS 


The MC14076B 4-Bit Register consists of four D-type flip·flops 


operating synchronously 
from a common clock. OR gated output- 


disable inputs force the outputs into a high-impedance state for use 
in bus organized systems. OR gated data·disable inputs cause the Q 
outputs to be fed back to the D inputs of the fl ip-flops. Thus they 
are inhibited from changing state while the clocking processremains 
undisturbed. An asynchronous master reset is provided to clear all 
four flip-flops 
simultaneously 
independent of the clock or disable 
inputs. 


• 
Three·State Outputs with Gated Control Lines 


• 
Fully 
Independent Clock Allows Unrestricted Operation for the 
Two Modes: Parallel Load and Do Nothing 


• 
Asynchronous Master Reset 


• 
For Bus Buffer Registers 


• 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc' 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
Voo 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-{).5 to liDO + 0.5 
Vdc 


DC Current 
Drain 
per Pm 
I 
'0 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
-55 to +125 
°c 


CL/CP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +'50 
°c 


INPUTS 


Data 
Disable 
Data 
OUTPUT 
Reset 
Clock 
A 
B 
0 
Q 


1 
X 
X 
X 
X 
0 


0 
0 
X 
X 
X 
Qn 


0 
...r 
1 
X 
X 
Qn 


0 
...r 
X 
, 
X 
Qn 


0 
...r 
0 
0 
0 
0 


0 
...r 
0 
0 
, 
1 


MC140768 


QUAD 
OoTYPE REGISTER 
with THREE 
STATE 
OUTPUTS 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


M"""'1~SUffiX Denotes 
L 
Ceramic Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 


BLOCK 
DIAGRAM 


15 
R ••• 
t 
QO 
3 


14 
DO 


13 
01 


'2 
02 
Q1 
4 


11 
03 


10 
e } Data 
9 
A 
Di.abl. 
Q2 


Clock 


2 
B} Output 
A 
Oi,.bIB 
03 
6 


VOO· 
Pin 16 


VSS 
- 
Pin 8 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Ou tpu 
t Vol 
tage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
- 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
IAL 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdc) 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


{VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
88 
- 
2.4 
- 


Output 
Drive Current (CUe? 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
(VOH • 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
± 0.1 
- 
±0.00001 
±0.1 
± 1.0 
,£JAde 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
± 0.3 
- 
± 1.0 
,£JAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
= OJ 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
5.0 
0.005 
5.0 
150 
/-lAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
CCLle? 
DevIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/.lAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current··t 
IT 
5.0 
IT ~ {0.75 ~A/kHzl 
f + 100 
,£JAde 


(Dynamic 
plus 
Quiescent, 
10 
IT = (l.50 
~A/kHz) 
f + 100 
Per Package) 
15 
IT = 12.25 ~A/kHzl 
f + '00 
(Cl ': 50 pF on all outputs, all 
buffers switching) 


Three·State 
Leakage Current 
ITL 
15 
- 
± 0.1 
- 
.0.00001 
± 0.1 
- 
±3.0 
JJAdc 
IAL 
Device) 


Three-State 
Leakage Current 
'TL 
15 
- 
±1.0 
- 
'0.00001 
± 1.0 
- 
± 7.5 
JJAdc 
(CUC? 
Device) 


*Tlow 
= -55°C 
for AL Device. -400C 
for CUC? 
Device. 


Thigh = +12SoC 
for AL Device, +8SoC for CUC? 
Device. 
#Noise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "a.. level = 1.0 Vdc min @ VOO 
= 5.0 Vdc 
2.0 Vdc min@VOO 
"10 
Vdc 
2.5 Vdc min@ 
VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


ITICLI = IT(50 pFI + 2 x 10':3 
(CL -501 
VOOf 
where: IT is in JJA (per package), CL in pF, VOD 
in Vdc. and f in kHz is input frequency. 
"The 
formulas given are for the typical characteristics only at 25°C. 


Voo 
Characteristic 
Symbol 
Vde 
Min 
Typ 
Max 
Unit 


Output 
Rise Time, All B-Series Gates 
'TLH 
ns 


'TLH 
= (3.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 
'TLH 
= (1.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 


'TLH 
= (1.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time, All S-5eries Gates 
'THL 
ns 


'THL 
= (1.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
= (0.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


'THL 
= (0.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
'PLH,'PHL 
ns 
Clock to Q 
tPLH, 'pHL 
= (1.7 ns/pFI CL + 215 ns 
5.0 
- 
300 
600 


'pLH, 
'pHL 
= (0.66 ns/pFI CL + 92 ns 
10 
- 
125 
250 


'pLH, 
'pHL 
= (0.5 ns/pFI CL + 65 ns 
15 
- 
90 
180 
Reset to Q 


'pLH, 
'PHL 
= (1.7 ns/pFI CL + 215 ns 
5.0 
- 
300 
600 
'pLH, 
'pHL 
= (0.66 ns/pFI CL + 92 ns 
10 
- 
125 
250 


'pLH, 
'pHL 
= (0.5 ns/pFI CL + 65 ns 
15 
- 
90 
180 


3-5tate 
Propagation Delay, Output 
"1" 
or "0" 
'PHZ,'PLZ 
5.0 
- 
150 
300 
ns 


to High Impedance 
10 
- 
60 
120 
15 
- 
45 
90 


3-5tate 
Propagation 
Delay. High Impedance 
'PZH,'PZL 
5.0 
- 
200 
400 
ns 
to "1" or "0" Level 
10 
- 
80 
160 
15 
- 
60 
120 


Clock Pulse Width 
'WH 
5.0 
260 
130 
- 
ns 
10 
110 
55 
- 
15 
80 
40 
- 


Reset Pulse Width 
'WH 
5.0 
370 
185 
- 
ns 
10 
150 
75 
- 


15 
110 
55 
- 


Data Setup 
Time 
'su 
5.0 
30 
15 
- 
ns 
10 
10 
5 
- 


15 
4 
2 
- 


Data Hold Time 
Ih 
6.0 
130 
65 
- 
ns 
10 
60 
30 
- 


15 
50 
25 
- 


Data Disable Setup Time 
'su 
5.0 
220 
110 
- 
ns 
10 
80 
40 
- 


15 
50 
25 
- 


Clock Pulse Rise and Fall Time 
'TLH,'THL 
5.0 
- 
- 
15 
j.lS 


10 
- 
- 
15 
15 
- 
- 
15 


Clock Pulse Frequency 
fel 
5.0 
- 
3.6 
1.8 
MHz 
10 
- 
9.0 
4.5 


15 
- 
12 
6.0 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 
pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained 
to the range VSS '" (Vin or Vout) 


•• VOO' 


Unused inputs must alwavs be tied to an appropriate 
logic voltage level le.g., either VSS or Vool. 


• 


Voo 
Output 
Oisable 


VSS 
A or B 


{ 


::t:::2.SV@Voo=SV, 


lQV,and15V 


{ 


::t::: 
2 V 
@ VOO" 
5 V 


AnyQ 
=:l 
6V@VDD=10V 


Output 
=:l 
10V@VDD=15V 


VOL 
C~nu~~~=d -t--oi~~~~:t-.d-~---- 
Outputs 


Connected 


Reset 
= 0 


Data 
Disable 
A and 
B = 0 


Output 
Disable 
A and 
B = 0 
VOD 
for 
tpLZ 
and tPZL 


VSS for 
tpHZ 
and tPZH 


@ MOTOROLA 


CMOS SSI 


QUAD EXCLUSIVE 
"OR" AND "NOR" 
GATES 


The MC14070B quad exclusive OR gate and the MCI4077B 
quad 
exclusive 
NOR 
gate 
are 
constructed 
with 
MOS P·channel and 
N-channel 
enhancement 
mode 
devices 
in 
a 
single 
monolithic 
stmcture. 
These complementary 
MOS logic gates find primary 
use 
where low power dissipation and/or high noise immunity is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera· 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
MC14047B - 
Replacement for CD4030B, CD40708, and 
MC14507 Types 


• 
MC140778 - 
Replacement for CD40778 Type 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
Voo 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Von 
-0.5 to VOO + 0.5 
Vdc 


DC Current DraIn per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
DeVice 
TA 
-55 
to +125 
°c 
C L/CP 
DeVice 
-40 
to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


MC14077B 


FOR COMPLETE DATA 


SEE MC14070B 


CASE 
632 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
646 


P SUFFIX 


PLASTIC 
PACKAGE 


MC14XXXB ~SU~f;Xc.::;:t::Ck.9. 


L P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
e 
Limited 
Operating 
Temperature 
Range 


MC14070B 
Quad Exclusive OR 
Gate 


MC14077B 


Quad Exclusive NOR 
G.te 


Voo - Pin 
14 


Vss - 
Pin 7 
(Both 
Devices) 


@ MOTOROLA 


The B Series logic gates are constructed 
with 
P and N channel en- 


hancement mode devices in a single monolithic 
structure 
(Comple- 
l)1entary MaS). 
Their 
primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 1B Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low·power 
TTL Loads. One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacement for CD407BB 


Ratine 
Symbol 
V.lue 
Unit 


DC 
Supply 
Voltage 
VOO 
-05 
to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 to VOO 
.05 
Vdc 


DC 
Current 
DraIn 
per 
Pm 
I 
10 
mAde 


Operating 
Temperature 
Range 
- AL Device 
TA 
-55 to + 125 
°c 


Cl/CP 
DevIce 
-40 to +85 


Storage 
Temperature 
Range 
T"g 
-65 to +150 
°c 


Vss 


4 
Same a. 


5 
above 
9 
Same 8. 


'0 
above 


" 
Same 81 
'2 
above 


MC14078B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE6.6 
",..m·l~':·,,,':~::.- 


P 
PI •• tlc; Peck age 
A 
e)( tended 
Operetlng 


Temperetur. 
Aenge 
e 
LImited 
Operetlng 
Temperatur. 
Aenge 


i?-'3 
'0 
11 
12 


This 
device 
contains 
circuitry 
to 
protect 


the inputs against damage due to high Itatic 
voltages 
or 
electric 
fields; 
hO\IWver, 
it 
is 


advised 
that 
normal 
precautions 
be taken 
to 
avoid 
application 
of any voltage 
higher 
than 
maximum 
rated voltages to this high 


impedance 
circuit. 
For 
proper 
operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
C;;; 
{Vi" 
or 
Vou,l 
•• VOO- 


Unused 
inputs 
must 
always 
be tied 
to 8n 
appropriate 
logic voltage 
level {e.g., either 
VSS or VOOI. 


The MC14081 and MC140818 are constructed with P and N channel 
enhancement mode devices in a single monolithic 
structure 
(Comple- 
mentary 
MaS). 
Their 
primary 
use is where low power dissipation 
and/or 
high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs 8uffered 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range. (MC14081 B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacements for CD4081A and CD4081 B 


Rating 
Symbol 
Value 
Unit 


DC Supply 
VOltage 
VOO 
-0.510+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Von 
-0.5 to VOO .05 
Vdc 


DC 
Current 
Drain 
per Pin 
I 
10 
mAde 


Operating Temperature 
Range 
AL Device 
TA 
-55 to +125 
°c 
Cl/CP 
Device 
-40 to +85 


Storage Temperature 
Range 
TstQ 
-65 to +150 
°c 


NOTE: 
MC14081 (Non-B) is not recommended for new designs. 
Use MC14081B. 


L SUFFIX 


cE RAMie 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXJ"1~':" 0..:',:::•.• 


Delete 
for 
P 
Plastic 
Package 
Non-B 
Device 
A 
Extended 
Operating 


Temperatur. 
Range 
e 
Limited 
Operating 
Temperature 
Aange 


Voo 
::II Pin 
14 


VSS = Pin 1 


This device 
contains 
circuitry 
to protect 
the inputs against damage due 
to 
high 
static 
yoltages 
or electric 
fields; 
however. 
it is advised 
that 
nor- 


mal precautions 
be taken 
to avoid application 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin 
and 
Vout 
be constrained 
to the 
range VSS:S;;;;(Vin 
or Vout):S;;;; VOO· 
Unused 
inputs 
must 
always 
be tied to an appropriate 
logic voltage 
level 
(e.g., either 
VSS or VOO). 


@ MOTOROLA 


The B Series logic gates are constructed with P and N channel en· 
hancement mode devices in a single monolithic 
structure (Comple· 
lTlentary MOS). Their primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typ 


• 
Supply Voltage Range = 3.0 Vdc to 1B Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera· 
ture Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin·for·Pin Replacement for CD4082B 


Rating 
Symbol 
Value 
Unit 


DC 
SupplV 
Voltage 
VDD 
-05to+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-05 
to VDD 
·05 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


OperatIng 
Temperature 
Range 
Al 
DeVice 
TA 
-55 to .125 
°c 
cLlep 
DeVice 
-40 to .85 


Storage 
Temperature 
Range 
Tstg 
-65 
to .•.150 
°c 


• 


MC14082B 


..- ..• 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


M,••m·l~~·,.,::::._ 


P 
Plastic 
Package 
A 
Extended 
Operating 
Temperatur. 
Range 
e 
Limited 
Operating 
Temperature 
Range 


2p 
3 
, 


4 


5':P'3 
11 
'2 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to 
high 
static 


voltages 
or 
electric 
fields; 
hOlNever. 
it 
is 
advised that normal precautions be taken 


to 
avoid 
application 
of 
any 
voltage 
higher 


than 
maximum 
rated 
voltages 
to 
this 
high 


impedance 
circuit. 
F or 
proper 
operation 
it 


is 
recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range 
VSS 
<; 
(Vin 
or 


Voutl 
<; VOO' 


Unused 
inp.uts 
must 
always 
be 
tied 
to 
an 


appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS 0' VDDI. 


® MOTOROLA 


The MC14093B Schmitt tri9ger isconstructed with MaS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure. These devices find 
primary use where low power dissi- 
pation and/or high noise immunity 
is desired_The MC14093B may 
be used in place of the MC14011B quad 2-input NAND gate for 
enhanced noise immunity 
or 
to 
"square 
up" 
slowly 
changing 


waveforms. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to 1BVdc 


• 
Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Compatible with CD4093 


• 
Can be Used to Replace MC14011B 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-05 
to +18 
Vdc 


Input 
VOltage. 
Atl 
Inputs 
Von 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Dram 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
DevIce 
TA 
-55 
to +125 
°c 
CLIe? 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T stg 
-65 
to +150 
°c 


This device contains circuitry 
to protect 
the inputs against damage due to high 


static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application 
of any voltage higher than maximum 
rated voltages to 
this high impedance circuit. 
For proper operation 
it is recommended 
that Vin and 
Vout 
be constrained to the range VSS ~ (Vin or Voutl" 
VOO' 


Unused 
inputs 
must 
always be tied to an appropriate 
logic voltage 
level (e.g., 


either Vss or VOOL 


MC14093B 


QUAD 2-INPUT 
"NAND" 


SCHMITT 
TRIGGER 


~rrf11118 
JI~U 
~ 1.rWHlij ~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXB ~SU~f;Xc 
••::;:t::Ck.g. 


t= P 
Plastic Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 


:~4 


12=§- 
""'C'... 
11 
13 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin""OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VottageU 
"0" 
Level 
VIL 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
- 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdc) 
10 
3.0 
- 
- 
3.0 
- 
3.0 


(VO 
13.50< 
1.5 Vdel 
15 
- 
4.0 
- 
- 
4.0 
- 
4.0 


", 
•• Level 
VIH 


(VO 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
- 
- 
3.5 
- 
Vde 
(VO· 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
- 
- 
7.0 
- 
(VO 
c 1.50,13.5 
Vde) 
15 
11.0 
- 
11.0 
- 
- 
11.0 
- 


Output 
Drive Current 
fAL Device) 
10H 
mAde 


(VOH· 
2.5 Vdel 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
4.6 Vdel 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH 
= 9.5 Vdel 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdel 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdel 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 IIde) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdel 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
10H 
mAde 
(VOH 
= 2.5 Vdel 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdel 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdel 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdel 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdel 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdel 
10 
1.3 
.- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdel 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
± 0 1 
- 
'0.00001 
±O 
1 
- 
± 1.0 
j.JAdc 


Input 
Current 
(CLlCP 
DeVice) 
lin 
15 
- 
'03 
- 
'0.00001 
± 0.3 
- 
, 1.0 
/JAde 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IVin 
01 


QUiescent 
Current 
(Al 
Device) 
100 
50 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
jJAdc 


(Per 
Package) 
10 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent 
Current 
fCLlCP 
DeVice) 
100 
50 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
j.JAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 


15 
4.0 
- 
0.0015 
4.0 
- 
30 


Total 
Supply 
Current·· 
't 
IT 
5.0 
IT = (1.2 "A/kHz) 
1+100 
IJAdc 


{Dynamic 
plus Quiescent, 
10 
IT = (2.4 "A/kHz) 
1+100 


Per 
Package) 
15 
IT = (3.6 "A/kHzl 
1+100 


(CL 
50 pF 
on all outputs, 
all 


buffers 
SWitching) 


Hysteresis 
Voltage 
VH* 
5.0 
0.20 
0.42 
0.17 
0.26 
0.39 
0.13 
0.39 
Vdc 


(Pins 2, 5, 9,12, 
held high) 
10 
0.29 
0.65 
0.25 
0.38 
0.60 
0.20 
0.60 
15 
0.39 
1.00 
0.33 
0.50 
0.90 
0.27 
0.90 


Threshold 
Voltage 
(Pins 2, 5,9,12, 
held high) 
VT+ 
5.0 
1.90 
4.15 
1.80 
2.70 
4.05 
1.70 
4.05 
Vdc 


Positive-Going 
10 
3.05 
6.75 
2.95 
4.43 
6.65 
2.85 
6.65 


15 
4.12 
9.15 
4.02 
6.03 
9.05 
3.92 
9.05 


Negative-Going 
VT_ 
5.0 
1.63 
3.76 
1.63 
2.44 
3.66 
1.53 
3.88 
Vdc 


10 
2.70 
6.18 
2.70 
4.05 
6.08 
2.60 
6.08 


15 
3.59 
8.40 
3.69 
5.53 
8.30 
3.70 
8.30 


·Tlow· 
-550C 
lor AL Device, -40°C 
lor CL/CP Device. 


Thigh = +1250C lor AL Device, +850C 10' CL/CP Device. 


#Noise 
immunitY 
specified 
for worst~ase 
input 
combination. 


Noise Margin for both 
"1" 
and 
"0" 
level :: 


1.0 Vdc min@VOo=5.0Vde 
2.0 Vde min @ VOO· 
10 Vdc 
2.5 Vdc min. 
VOO· 
15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads other 
than 
50 pF: 


IT (CL) = IT (SO pF) + 4.10-3 
(CL -501 VOOI 


where: 
IT is in "A (per package), 
CL in pF, VOO in Vde, 


and f in kHz is input 
frequency. 


··The 
formulas 
given are for the tYpical characteristics 
only at 250C. 


*VH:: 
VT+ - VT _ (But maximum 
variation 
of VH is specified 
as 


less than 
VT + max - VT _ min). 


1\1\1"1Ana'Ul 


SWITCHING 
CHARACTERISTICS 
ICL = 50 pF. TA = 250CI 


Voo 
Characteristic 
Svmbol 
Vdc 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
'TLH 
5.0 
- 
100 
200 
ns 


10 
- 
50 
100 
15 
- 
40 
80 


Output 
Fall Time 
'THL 
5.0 
- 
100 
200 
ns 
10 
- 
50 
100 
15 
- 
40 
80 


Propagation 
Delay Time 
'PLH.'PHL 
5.0 
- 
125 
250 
ns 


10 
- 
50 
100 
15 
- 
40 
80 


V;n~ 


~ 
V 
au 
' 


VControl'" 
1 


VH-------------Voo 
.l_~--~ 
r-rj- -~~-- 
I 
I 
VSS 
I 
I 
• 


? 


4 


'OH 


~ 
VOUI 


All unused inputs 
7 
connected 10 ground. 
VGS 
~ 


4 
'Ol 


VOS 


Vout 


7 


All 
unused 
inputs 
connected to ground. 
_ 


-20 
:g 


'" 
'"-S 
-S 
, TA 
= -55°C 
~ 
~ -40 
b 
TA 
'" +250C 
z 
z~ 
c 
TA'" 
+1250C 
~ 
~ 
" 
" 
u 


-60 
z 
z 
~ 
~ 
r 
-80 
~ 
0 


-10 


-10 
-80 


Vas. DRAIN 
VOL TAGE 
(Vdc) 


,I/b :L.~15Vdc 
'r iff' r< 
voi 
~ 10 v~c 


/ 0 
!IJ 
c~ - 
/II 
/' 
, T A 
= -55°C 
f-- 
/ 
b 
T A " ~250C 


/ 


c 
TA" 
·1250C 
f-- 


I 
, 


c 


b I' 5,0 Vdc 


1 


1 
I 


1 
1 


1 


1 
I 


1 
I 


VT- 
VT+ 
---1 
VH I-- 


Vin. 
INPUT 
VOLTAGE 
(Vdc) 
• 


® MOTOROLA 


a-STAGE SHIFT/STORE 
REGISTER 
WITH 
THREE-STATE 
OUTPUTS 


The 
MC14094B 
combines 
an 
B-stage 
shift 
register 
with 
a data 
latch 
for each stage and a three-state 
output 
from 
each latch. 
Data 
is shifted 
on 
the 
positive 
clock 
transition 
and 
is shifted 


from 
the 
seventh 
stage 
to 
two 
serial 
outputs. 
The 
as 
output 
data 
is for 
use 
in high-speed 
cascaded 
systems. 
The 
a'S 
output 
data 
is 
shifted 
on 
the 
following 
negative 
clock 
transition 
for 
use 
in 
low-speed 
cascaded 
systems. 


Data 
from 
each 
stage 
of 
the 
shift 
register 
is latched 
on 
the 
negative 
transition 
of 
the 
strobe 
input. 
Data 
propagates 
through 
the latch 
while strobe 
is high. 


Outputs 
of 
the 
eight 
data 
latches 
are 
controlled 
by three-state 
buffers 
which 
are placed 
in the high-impedance 
state 
by a logic Low 
on Output 
Enable. 


• 
Three-State 
Outputs 


• 
Capable 
of Driving Two 
Low-Power 
TTL 
Loads. 
One Low-Power 
Schottky 
TTL 
Load or Two 
HTTL 
Loads Over the Rated 
Temperature 
Range 


• 
Input 
Diode 
Protection 


• 
Data 
Latch 


• 
Dual Outputs 
for Data Out on Both 
Positive 
and Negative 
Clock 
Transitions 


• 
Useful 
for Serial-lo-Parallel 
Data Conversion 


• 
Three-State 
Bus Compatible 


• 
Pin-far-Pin 
Compatible 
with 
CD4094B 


MAXIMUM 
RATINGS 
(Voltage, 
referenced to VSS. Pin 8l- 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Output 
Parallel Outputs 
Serial Outputs 


Clock 
Enable 
Strobe 
Data 
01 
ON 
OS· 
O'S 
..r 
0 
X 
X 
3S 
3S 
07 
No Chg. 
'- 


0 
X 
X 
3S 
3S 
No Chg. 
07 
.f 
1 
0 
X 
No Chg. 
No Chg. 
07 
No Chg. 
.f 
1 
1 
0 
0 
°N-' 
07 
No Chg. 
.f 
1 
, 
, 
, 
°N-1 
07 
No Chg. 
'- 
, 
, 
, 
No Chg. 
No Chg. 
No Chg. 
07 


35:: 
Three-State 


X = Don't eare 
• At the positive clock edge, information 
in the 7th shift register stage is transferred to 
08 and aS. 


MC14094B 


JfffffftJ 


LSUFFIX 
_ 
CERAMIC 
PACKAGE 


CASE 
620 
16 


1 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


.""no 1~SUffiX Denote& 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 
e 
Limited 
Operating 


Temperature 
Range 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or electric 
fields; hOMver, 
it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. For proper operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS 
<; 
(Vin 
or 
Voutl 
•• VOO' 


Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 
Vssor 
VOOI. 


Voo 
Tlow 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
TVp 
Ma. 
Mi" 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
VI" - Vao 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V,n-OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage:t: 
"0" 
Level 
Vil 
Vdc 
1VO - 4.50' 
0.5 Vdcl 
50 
- 
1.5 
2.25 
1.5 
- 
1.5 


(VO - 9.0 0' 
1.0 Vdcl 
10 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(Va' 
0.5 
0< 4.5 Vdcl 
50 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Vo 
' 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO;" 
1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
IOH 
mAde 
(VOH ' 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH ' 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH ·9.5 
Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(Val' 
0.4 Vdcl 
Sink 
IOl 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(Val 
= 0.5 Vdcl 
10 
1.6 
- 
13 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICL/CP 
Device I 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-, .7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOl 
50 
052 
- 
044 
0.88 
- 
0.36 
- 
mAde 
(Val 
= 0.5 Vdcl 
10 
13 
11 
2.25 
09 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
30 
8.8 
- 
24 


Input 
Current 
(At 
DeVice) 
Ion 
15 
- 
,01 
±O 00001 
.to 1 
- 
! 10 
/-lAde 


Input 
Current 
(CLlCP 
DeVice) 
Ion 
15 
,03 
'000001 
, 0.3 
- 
! 1.0 
/JAde 


Input Capacitance 
C," 
- 
- 
- 
50 
7.5 
- 
- 
pF 


{V1n 
01 


QUiescent 
Current 
(AL 
DeVice) 
100 
50 
50 
- 
0.005 
50 
- 
150 
/-lAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
jJAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current-· 
t 
IT 
50 
IT = 14.1 
jJA/kHz) 
f + 100 
JJAdc 


(DynamiC 
plus Ouiescent, 
10 
IT = 114 
J..lA/kHzl 
f 
+ 100 


Per Package) 
15 
IT ~1140 
"A/kHzl 
f + 100 
eel'" 
50 pF on all outputs. 
all 


buffers 
sWitching) 


J-State 
Output 
Leakage Current 
ITL 
18 
- 
'0.4 
- 
±0.0001 
±O.4 
I 
- 
± 12 
,!JAde 


-Tlow 
= -55°C 
for AL DeVice. -40oC for CLlCP 
DeVice. 


Thigh 
::: t12SoC 
for Al 
Device. 
-t8SoC 
for CL/CP 
DeVice . 


.aNoise Immunity 
specified 
for worst-case 
input 
combination. 


NOiseMargen 
for both "'" 
and "0" 
level'" 1.0 Vdc min 
@ VOO 
=- 5.0 Vdc 
2.0 Vdc min@ VOO 
= 10 Vdc 
2.5 Vdc min@ VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


IT1Cl) 
= IT(50 pF) • 1 • 10-3 (CL -501 VOO' 
where: IT is in IJA lper package). CL in pF. VOO in Vdc. and f in kHz is input freouency. 


··The 
formulas 
given are for the typical characteristics 
only at 25°C. 


Voo 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output Rise and Fall Time 
ITLH. 
ns 


tTLH. 
'THL 
• 11.35 ns/pFJ 
CL + 33 ns 
ITHL 
5.0 
- 
100 
200 
tTLH. 
tTHL 
• 
10.6 ns/pFI 
CL + 20 ns 
10 
- 
50 
100 


tTLH. 
ITHL 
• 10.4 ns/pF) 
CL + 20 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tpLH.IPHl 
ns 


Clock to Serial out OS 


tpLH. 
IpHL' 
10.90 ns/pFI 
CL + 305 "s 
5.0 
- 
350 
600 


tPLH. 
tPHL' 
10.36 ns/pFI 
Cl 
+ 107 ns 
10 
- 
125 
250 


'PLH. 
tPHL' 
10.26 ns/pFI 
CL + 82 ns 
15 
- 
95 
190 
Clock to Serial out O'S 


'PLH. 
IpHL • 10.90 ns/pFI 
CL + 350 ns 
5.0 
- 
230 
460 


'PLH. 
'PHL' 
10.36 ns/pF) 
CL + 149 ns 
10 
- 
110 
220 


tPLH.tpHL· 
10.26 ns/pFI 
Cl 
+62 
ns 
15 
- 
75 
150 


Clock to Parallel out 


tPLH. 
'PHL' 
10.90 ns/pFI 
CL + 375 ns 
5.0 
- 
420 
840 
'PLH. 
tPHL' 
10.35 ns/pF) 
CL + 177 ns 
10 
- 
195 
390 
IpLH. 
tpHL' 
10.26 ns/pFI 
CL + 122 ns 
. 
15 
- 
135 
270 
Strobe to Parallel out 
tpLH. 
tpH L • 10.90 ns/pF I CL + 245 ns 
5.0 
- 
290 
580 


'PLH. 
IPHL' 
10.36 ns/pFJ 
CL + 127 ns 
10 
- 
145 
290 


IPLH. 'PH L • 10.26 ns/pFJ 
CL + 87 ns 
15 
- 
100 
200 
Output 
Enable 
to Output 
IPHZ. IPZL • 10.90 ns/pF) 
CL + 95 ns 
5.0 
- 
140 
280 
tPHZ. 
IPZL' 
10.36 ns/pFI 
CL + 57 ns 
10 
- 
75 
150 


tpHZ. 
IPZL 
• 10.26 ns/pFJ 
CL + 42 ns 
15 
- 
55 
110 


tPlZ. 
tpZH 
• 10.90 ns/pF) 
CL + 180 ns 
5.0 
- 
225 
450 
tPLZ. 
tpZH 
• 10.36 ns/pFI 
CL + 77 ns 
10 
- 
95 
190 
tPLZ. 
tpZH' 
10.26 ns/pFJ 
CL + 57 ns 
15 
- 
70 
140 


Setup Time 
Isu 
ns 
Data in to Clock 
5.0 
125 
60 
- 


10 
55 
30 
- 


15 
35 
20 
- 


Clock PulseWidth, High 
'WH 
5.0 
200 
100 
- 
ns 


10 
100 
50 
- 


15 
83 
40 
- 


Clock Rise Time 
'rlcll 
5 
15 
- 
- 
~s 


10 
5.0 
- 
- 


15 
5.0 
- 
- 


Clock Pulse Frequency 
fcl 
5.0 
- 
2.5 
1.25 
MHz 


10 
- 
5.0 
2.5 
15 
- 
6.0 
3.0 


Strobe Pulse Width 
'WL 
5.0 
200 
100 
- 
'" 
10 
80 
40 
- 


15 
70 
35 
- 


For 
For 


IpHZ 
tPLZ 


and 
I and 


'PZH 
tpZL 


VSS 
Voo 
6 


a.E. 
1 k 
Data 


ST 


Output 


Clock 
150PF 


Latch 
2 
3-State 
Buffer 
2 
5 02 


Latch 
3 
3·State 
Buffer 
3 
6 
03 


Latch 
4 
3 State 
Buffer 
4 
7 
04 


Latch 
5 
3-State 
Buffer 
5 
14 
as 


Latch 6 
3-State 
Buffer 
6 
13 
06 


Latch 
7 
3-State 
Buffer 
7 
12 
07 


11 
08 


10 O'S 


Clock 


9 
aS 


3~CIOCk 


Clock 


Clock 


'~StrObe 


Strobe 
~ 


t,uJ 


@Oatain 


f,5I OutputJ 
~ 
Enable 


@01-JoQ7 


Ii=tPLH 
@ 0_'~ 
f50% 
:{:t 
PHL 


50% 


@ MOTOROLA 


The 
MC14099B 
and MC14599B 
are B-bit addressable latches_ 


Data is entered 
in serial form when 
the appropriate 
latch 
is addressed 


Ivia address pins AO, A 1, A2) and write disable is in the low state_ 
Chip 
enable must be high for 
writing 
into 
MC14599B_ For the 
MC14599B 
the data pin is a bidirectional 
data port and for the 
MC14099B the input is a unidirectional 
write only port. The Write/ 


Read line controls this port in the MC14599B_ 


The data is presented in 
parallel at the output 
of the eight 
latches independently 
of 
the state of Write 
Disable, Write/Read 


or Chip Enable_ 


A Master Reset capability is available on both parts_ 


• 
Serial Data Input 


• 
Parallel Output 


• 
Low Input Capacitance - 5_0pF typical 


• 
Master 
Reset 


• 
Noise Immunity 
- 45% of VDD typical 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads over the Rated 
Temperature 
Range 


• 
MC140998 pin for pin compatible with CD4099B 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
Voo 
-05 
to +18 
Vdc 


Inpul 
Voltdge. 
All 
Inpuls 
V,n 
-05 
to VOO 
+ 05 
Vdc 


DC CUffent 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
AL 
DevIce 
TA 
-55 to +"25 
°c 


C Llep 
Device 
-40 to +85 


Srorage 
Temperature 
Range 
T Slg 
-65 
to +150 
°c 


MC14099B 
MC14599B 


'0 


9 
00 
. 
00 
'0 
0' 
" 
0' 
" 
0' 
" 
0' 
" 
" 
" 
0' 
" 


m 


" 


o. 
>6 
O. 


OS 
os 
" 
0' 
n 
0' 
, 


0> 


Voo 
>6 
Vss 
8 


PIN ASSIGNMENT 
PIN ASSIGNMENT 


MC14099B 
MC14599B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
680 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
707 


MC14XXXB~SU~fiXC.::i:t::Ck8g. 


P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


This device contains circuitry 
to protect 


the inputs against damagedue to high static 
voltages or electric fields; ho~ver. 
it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that 
Vin 
and Vout 
be 
constrained to 
the range VSS .;;; 1Vin or 
Vou') 
<; VOD- 


Unused inputs must always be tied to an 
appropriate logic voltage level le.g., either 
VSS or VOOI. 


Voo 
Tlow. 
25°C 
Thigh· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vi" = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 
Vdc 
(VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(A L Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
(AL Device) 
tin 
15 
- 
'0.1 
- 
'0.00001 
±0.1 
- 
'1.0 
,uAdc 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
±0.3 
- 
'0.00001 
±0.3 
- 
±1.0 
,uAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 0) 


Input Capacitance 
Cin 
- 
- 
- 
- 
15.0 
22.5 
- 
- 
pF 
MC14599B - Data (pin 3) 
(V;n = 01 


Quiescent Current 
(AL 
Device) 
IDD 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,uAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent €urrent 
(CUe? Device) 
IDD 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per 
Pac kage) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current· *t 
IT 
5.0 
IT = (1.5 ~A/kHz) 
I + IDD 
.uAdc 


Dynamic 
plus Quiescent, 
10 
IT = (3.0 ~A/kHz) 
1+ IDD 


Per 
Package) 
15 
IT = (4.5 ~A/kHz) 
I + IDD 
(CL = 50 pF on all outputs, 
all buffers switching) 


"Tlow 
= -55°C 
for AL Device, -40°C 
for CLlCP 
Device. 
Thigh:: 
+12SoC 
for AL Device, +850C 
for CL/CP 
Device. 


#Noise 
immunity 
specified 
for 
worst-case 
input 
combination. 
Noise Margin for both "1" 
and "0" 
level = 
1.0 Vdc m;n @VDD = 5.0 Vdc 
2.0 Vdc min@VDD 
= 10 Vdc 
2.5 Vdc min @ VDD : 15 Vdc 


IT (CLI = IT (50 pF) + 4 x 10-3 (CL -501 VDDI 


where: 
IT is in p.A (per package), CL in pF, VOD 
in Vdc, and f in 
kHz is input frequency. 


""The 
formulas 
given are for the tYpical 
characteristics 
only 
at 
25°C. 


Voo 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Ma. 
Unit 


Output 
Rise and Fall Time 
tTLH. 
ns 
ITLH. 
ITHL 
= (1.35 
ns/pF) 
CL +32 ns 
ITHL 
5.0 
- 
100 
200 


ITLH. 
ITHL 
= 10.6 ns/pF) 
CL +20 ns 
10 
- 
50 
100 
ITLH. 
ITHL 
= (0.4 ns/pF) 
CL +20 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
IPHL. 
ns 


Data to Output 
IpLH 
5.0 
- 
200 
400 
10 
- 
75 
150 


15 
- 
50 
100 


Write Disable to Output 
5.0 
- 
200 
400 
ns 


10 
- 
80 
160 


15 
- 
60 
120 


Reset to Output 
5.0 
- 
175 
350 
ns 


10 
- 
80 
160 
15 
- 
65 
130 


Address, CE to Output 
5.0 
- 
225 
450 
ns 


10 
- 
100 
200 
15 
- 
75 
150 


Propagation 
Delay Time, 
MC14599B 
only 
IpHL. 
ns 


Chip Enable, Write/Read 
to Data 
IPLH 
5.0 
- 
200 
400 
10 
- 
80 
160 
15 
- 
65 
130 


Address 
to Data 
5.0 
- 
200 
400 
ns 


10 
- 
90 
180 
15 
- 
75 
150 


Minimum 
Pulse Widths 
tWH. 
ns 


Data 
IWL 
5.0 
200 
100 
- 


10 
100 
50 
- 
15 
80 
40 
- 


Address 
5.0 
400 
200 
- 
ns 


10 
200 
100 
- 


15 
125 
65 
- 


Reset 
5.0 
150 
75 
- 
ns 


10 
75 
40 
- 
15 
50 
25 
- 


Write Disable 
5.0 
320 
160 
- 
ns 
10 
160 
80 
- 


15 
120 
60 
- 


Set Up Time 
Isu 
ns 
Oat8 
5.0 
100 
50 
- 


10 
50 
25 
- 


15 
35 
20 
- 


Hold Time 
Ih 
ns 


Oat8 
5.0 
150 
7~ 
- 


10 
75 
40 
- 


15 
50 
25 
- • 


• 


,------------ 
--, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
_____________ 
J 
To 


Other 
Ll!ltches 


Write 
Addressed 
Unlddrl 
•• ld 
DII.bl. 
Rent 
L.tch 
Lltch 


0 
0 
Data 
a 'n 
0 
1 
Data 
Reset 


1 
0 
an' 
an' 


1 
1 
Relet 
Reut 


10 
01 


11 02 


16 06 


07 


To 


Other 


Latches 


'2 
01 


13 02 


14 03 


'5 
04 


016 
05 


1706 


1 07 • 


A2 
7 


(M.5.B.! 


Chip 
Write 
Add,_od 
Other 
Data 
Enable 
Write/Read 
Disable 
Res•• 
Latch 
Latches 
Pin 
0 
X 
X 
0 
· 
· 
Z 
1 
1 
0 
0 
Data 
· 
Input 
1 
1 
1 
0 
· 
· 
Z 


1 
0 
X 
0 
· 
· 
an 


X 
X 
X 
1 
0 
0 
Z/O 
x 
- Don't care. 
• 
,. No change 
in state 
of latch. 


Z 
- High impedance. 


an - State 
of addressed 
latch. 


W::_L 


Data" 
__ 
m_81-_=1=tPLH~ 


A2. 
A1, 
AO 
--------- 


® MOTOROLA 


SYNCHRONOUS 
PROGRAMMABLE 
4-BIT 


COUNTERS 


The 
MC14160B - MC14163B 
are synchronous 
programmable 
counters 
constructed 
with 
complementary 
MOS P-Channel and 


N-Channel enhancement mode devices in a single monolithic 
struc- 
ture_ These counters are functionally 
equivalent 
to the 74160- 
74163 TTL counters_ 


Two 
are 
synchronous 
programmable 
decade 
counters 
with 


asynchronous and synchronous clear inputs respectively (MC14160B, 
MC14162B. 
The other 
two 
are synchronous 
programmable 4-bit 
binary 
counters 
with 
the 
asynchronous 
and synchronous 
clear 
respectively (MC14161B, MC14163B)_ 


• 
Internal Look-Ahead for Fast Counting 


• 
Carry Output for N-Bit Cascading 


• 
Synchronously Programmable 


• 
Synchronous 
Counting 


• 
Load Control Line 


• 
Synchronous or Asynchronous Clear 
• 
Positive Edge Clocked 


MAXIMUM 
RATINGS 
IVoltages referenced to VSS. Pin 81. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-05 
to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature Range - AL Device 
TA 
-55 to +125 
°c 
C LlC? 
Device 
-40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due to high 
static 
voltages 
or electric 
fields; 
however. 
it is advised 
that 
normal 
precautions 
be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high-impedance circuit_ For proper operation 
it is recommended 
that 
Vin 


and 
Vout 
be constrained 
to 
the 
range VSS '" 
IVin 
or Vout) 
:Iii;; VOO- 
Unused inputs must always be tied to an appropriate 
logic voltage level {e.g_. 


either VSS or VOOL 


MC14160B 
DECADE 
COUNTER 
with 
Asynchronous 
Clear 
MC14161B 


4-BIT 
BINARY 
COUNTER 
with 
Asynchronous 
Clear 


DECADE 
COUNTER 
with Synchronous 
Clear 


MC14163B 


4-BIT 
BINARY 
COUNTER 
with Synchronous 
Clear 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
648 


L SUFFIX 
CE RAMie 
PACKAGE 


CASE 
620 


M" 
••••• r '·~CffiX 
t= 
Ceramic 
Package 


Plastic 
Package 


Extended 
Operating 
Temperature 
Range 


Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 


PE 
Q1 
14 


10 
TE 


Clear 
Q2 
13 


9 
Load 


Clock 
Q3 
12 


P' 


4 
P2 
Q4 
11 


P3 


P4 


Carry 
15 
Oul 


Voo 
= Pin 
16 


VSS = Pin 8 


• 


Voo 
Tlow 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Mi" 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
005 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO 
or 
0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


.,," 
Level 
VOH 
5.0 
495 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V,n 
o or VOO 
10 
9.95 
- 
9.95 
10 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage:': 
"0" 
Level 
VIL 
Vdc 


IVO 
4.5 or 0.5 Vdcl 
50 
15 
2.25 
1.5 
- 
'5 
(VO 
9.0 or 1.0 Vdcl 
10 
3.0 
- 
4.50 
3.0 
- 
30 


IVO 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
6.75 
40 
- 
40 


"," 
Level 
VIH 


IVO 
0.5 or 4.5 Vdc) 
50 
3.5 
J 5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
1.0 Or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Devlcel 
IOH 
mAde 


(VOH 
2.5 Vdcl 
Source 
50 
-3.0 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
50 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
SInk 
IOL 
5.0 
0.64 
- 
0.51 
088 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1 3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
34 
8.8 
- 
2.4 
- 


Output Drlve Current (CL/CP DeVice) 
IOH 
mAde 


IVOH 
= 2.5 Vdcl 
Source 
5.0 
-2.5 
-2.1 
·4.2 
-1.7 


IVOH 
= 4.6 Vdcl 
50 
-0.52 
- 
-0.44 
·0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
IVOH 
= 13.5 Vdcl 
15 
-3.6 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
50 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
I 3 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
3.0 
8.8 
- 
2.4 


Input 
Current 
(AI. 
Device) 
Ii" 
15 
- 
,0 
I 
'000001 
!:O 1 
- 
± 1.0 
/-JAde 


Input Current (CL/CP DeVIce) 
lin 
15 
- 
'03 
- 
'000001 
'03 
- 
, 1.0 
,uAdc 


Input 
Capacitance 
Gin 
- 
- 
50 
7.5 
- 
pF 


(V1n 
01 


QUiescent 
Current 
(AL 
Devlcel 
100 
50 
- 
50 
0.005 
50 
- 
150 
IJ.Adc 


(Per 
Packagel 
10 
10 
- 
0.010 
10 
- 
300 
15 
20 
0.Q15 
20 
- 
600 


QUiescent 
Current ICLlCP DeVice) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per 
Packagel 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.Q15 
80 
- 
600 


Total 
Supply 
Current-' 
t 
IT 
50 
IT 
(0.56 pA/kHzl 
f + 100 
,uAdc 


(DynamiC 
plus 
Quiescent. 
10 
IT 
11.1 
}.lA/kHz) f .•. 100 
Per Packagel 
15 
IT = 11.9 
JJA/kHzl f t IDD 
tCl 
- 50 pF on all outputs. all 


buffers sWitching) 


·Tlow'" 
-55°C 
for Al 
DeVice. _40°C for CLlCP Device. 


Thigh'" 
+12SoC for Al 
Device. +8SoC for CLlCP Device. 


..ItNoiseimmunity specified for worst-case input combination 
NOIseMargin for both "1" and "0" level'" 1.0 Vdc min @l VDO 
=- 5.0 Vdc 


2.0 Vdc mrri@ 
VDO 
= 10 Vdc 
2.5 Vdc min@ VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


IT(CLI 
= ITI50 pF} + 1 x 10-3 (CL -501 VOOI 
where: IT is in JJA(per package), CL in pF. VDD in Vdc. and f in kHz is Input frequency. 


··The 
formulas given are for the typical characteristics only at 25°C. 


Voo 
Characteristic 
Symbol 
Vde 
Min 
Typ 
Max: 
Unit 


Output 
Rise Time 
tTLH 
ns 
tTLH 
= {l.35ns/pFI 
CL +33ns 
5.0 
- 
100 
200 
tTLH 
= !O.6ns/pFI 
CL + 20ns 
10 
- 
50 
100 
tTLH 
= 10.4 ns/pFI CL + 20 ns 
15 
- 
40 
80 


Output 
Fait Time 
tTHL 
ns 
tTHL" 
{1.35 ns/pFI CL + 33 ns 
5.0 
- 
100 
200 
tTHL 
" !O.6 ns/pFI CL + 20 ns 
10 
- 
50 
100 
tTHL" 
!O.4 ns/pFI CL + 20 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
ns 


tPHL 
Clock to Q 
tPLH. tPHL" 
!O.90 ns/pFI CL + 305 ns 
5.0 
- 
350 
700 
tPLH.tPHL 
= !O.36 ns/pFI CL + 132 ns 
10 
- 
150 
300 
tPLH. tpHL" 
10.26 ns/pFI 
CL + 87 ns 
15 
- 
100 
200 


Clock to Carry Out 
tPLH. tPHL" 
!O.90 ns/pFI CL + 395 ns 
5.0 
- 
440 
880 
tPLH. tpHL = !O.36 ns/pFI CL + 167 ns 
10 
- 
185 
370 
tPLH.tpHL" 
10.26ns/pFI 
CL + 112ns 
15 
- 
125 
250 


TE to Carry Out 
tPLH. tpHL" 
10.90 ns/pFI CL + 255 ns 
5.0 
- 
300 
600 
tPLH. tPHL" 
10.36 ns/pFI 
CL + 112 ns 
10 
- 
130 
260 
tPLH.tPHL" 
10.26 ns/pFI CL + 77 ns 
15 
- 
90 
180 


Clear to Q (MC141608. 
MC141618 only) 


tPLH. tPHL" 
10.90 ns/pFI 
CL + 110 ns 
5.0 
- 
350 
700 
tPLH. tPHL" 
!O.36 ns/pFI 
CL + 37 ns 
10 
- 
150 
300 
tP~H.tPHL 
= !O.26 ns/pFI 
CL + 22 ns 
15 
- 
100 
200 


Minimum 
Setup 
Time 
Data to Clock 
tsu 
5.0 
320 
160 
- 
ns 
10 
130 
65 
- 


15 
90 
45 
- 


Load to Clock 
5.0 
600 
300 
- 


10 
260 
130 
- 


15 
180 
90 
- 


Enable to Clock (PE or TEl 
5.0 
420 
210 
- 


10 
170 
85 
- 


15 
120 
60 
- 


Clear to Clock (MC141628. 
MC141638 only) 
5.0 
310 
155 
- 
10 
110 
55 
- 
15 
70 
35 
- 


Clock Pulse Width, 
High 
twH 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 
15 
70 
35 
- 
C~ockA ise Time 
tTLH 
5 
15 
'AS 
10 
- 
- 
15 
, 
15 
- 
- 
15 


Clock Pulse Frequency 
fel 
5.0 
2.0 
1.0 
MHz 
10 
- 
5.0 
2.5 
15 
- 
8.0 
4.0 • 


These 
counters 
are 
fully 
programmable; 
that 
is the 
outputs 
may 
be 
preset 
to 
either 
level. 
As presetting 
is 
synchronous, 
settling 
up 
a low 
level 
at 
the 
load 
input 
disables 
the 
counter 
and causes 
the 
outputs 
to agree with 
the 
setup 
data 
after 
the 
next 
clock 
pulse regardless 
of the 
levels 
of 
the 
enable 
inputs. 
The 
clear 
function 
for 
the 
MC14160B, 
MC14161B 
is asynchronous 
and 
a low level 
at the clear 
input 
sets all four of the flip-flop 
outputs 
low 
regardless 
of the 
levels of the clock, 
load or enable 
inputs. 


The 
clear 
function 
for the 
MC14162B 
and 
MC14163B 
is 
synchronous 
and 
a low 
level at the 
clear 
inputs 
sets 
all 
four 
of 
the 
flip-flop 
outputs 
low 
after 
the 
next 
clock 
pulse, 
regardless 
of the 
levels 
of the 
enable 
inputs. 
This 
synchronous 
c1ea~ allows 
the 
count 
length 
to be modified 
easily; 
decoding 
the 
maximum 
count 
desired 
can 
be 


accomplished 
with 
one 
external 
NAND 
gate. 
The 
gate 
output 
is connected 
to 
the clear 
input 
to synchronously 
clear the counter 
to 0000 
(LLLL). 
The 
carry 
look-ahead 
circuitry 
provides 
for cascading 
counters 
for 
n-bit 
synchronous 
applications 
without 
additional 
gating. 
Instrumental 
in 
accomplishing 
this 
function 
are two 
count-enable 
inputs 
and a carry 
output. 


Both 
count-enable 
inputs 
(PE, TEl must 
be high to count, 
and 
enable 
input 
TE 
fed 
forward 
to 
enable 
the 
carry 
output. 
The 
carry 
output 
thus 
enabled 
will 
produce 
a 
positive 
output 
pulse 
with 
a 
duration 
approximately 
equal 
to the 
positive 
portion 
of the 01 output. 
This posi- 


tive 
overflow 
carry 
pulse 
can 
be used to enable 
successive 
cascaded 
stages. 


Sequence illustrated 
in waveforms: 


1. 
Clear outputs 
to zero. 


2. 
Preset to BCD seven. 
3. 
Count 
to eight, nine, zero, one, two, and three. 


4. 
Inhibit 


Clear 
(MC14160B) 
~ U (Asynchronous) 


I 
Clear 
(MC14162B) 
~ 


I:U 
I 
I 
I 
I 


{ 


Pl~ 


Data 
P2-.J 


Inputs 
~ 
__ 
~ 
__ 
~ 


P3~ 
P4--------------------------------- 


I 
:I 


{ 


PE 
I 


Enables 
: 1_-------------------_ 


TE 
-------~. 
~---- 


Outputs {::==-=-=i-H-------- 
03 
'---.r-l~ 
_ 


I 
I 
I 
: 
: 
-1---- 


04 - 
- 
I 
I 
I 
~------------------ 
I 
I 
I 
Carry 
I 
I 
I 


Out 
I 
17 
18 
I I I. 
n~ 
_ 


9 
0 
3..I.. 


Sequence 
illustrated 
in waveforms: 


1. 
Clear outputs 
to zero. 
2. 
Preset to binary 
twelve. 
3. 
Count 
to thirteen, 
fourteen, 
fifteen, 
zero, one, and two, 


4. 
Inhibit 


Clear (MC14161B) 
----_ 
~ 
_ 
U(Asynchronous) 
, 


Clear (MC14163B) 
---, 
: I 
~(SynChrOnOuS) 


Load 
I U 


P3-.J 


P4 -.J 


I 
I 


PE 
I 


I 
Enable. 
{ 
1 


TE 
1 


1 
1 
01- -- 


1 


1 
I 
02 - 


1 


Outputs 
--, 


1 
03- __ '~ 
, 
, 


I 
I 
04- 
__ '--.J 


, 
I 


1 
, 
n 
Carry 
I 
I 
Out 
, 
1'2 
,,3 
14 
15 
0 
I I 
I . 


Clear Preset 
Count 
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The MC14174B hex type D flip-flop 
is constructed with MOS P- 
channel and N-channel enhancement mode devices in a single mono- 
lithic 
structure. Data on the D inputs which meets the setup time 
requirements is transferred to the Q outputs on the positive edgeof 
the clock pulse. All six flip-flops share common clock and reset in- 
puts. The reset is active low, and independent of the clock. 


• 
Static Operation 
• 
All Inputs and Outputs Buffered 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Output Compatible with Two HTL Loads, Two Low-Power TTL 
Loads or One Low·Power Schottky TTL Load 


• 
Functional Equivalent to TTL 74174 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
~.5 
to VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


INPUTS 
OUTPUT 


Clock 
Data 
Iloset 
a 
~ 
0 
1 
0 
...r- 
1 
1 
1 
""'- 


X 
1 
Q 


X 
X 
0 
0 


This device contains circuitry to protect the 
Inputs against damage due 
to high static 
voltagel 
or electric 
fields; 
however, 
It I, ad- 
vised that normal precaution. 
be taken to 


,avoid 
application 
of any 
voltage 
higher 
then 
maximum 
rated 
voltagel 
to this high Im- 
pedance 
circuit. 
For 
proper 
operation 
it 
II 


recommended 
that 
V in 
and 
Vout 
be con- 


strained 
to 
the 
range 
VSS 
.;;;;(Vln 
or Vout) 


•• VOO' 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate 
logic 
voltage 
'evel 
(e.g., 
either 
VSS 
or VOO). 


MC14174B 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


00 


01 


02 


6 
03 
10 


11 


131 


04 
12 


14 
OS 
15 


VOO 
= Pin 
16 


VSS 
I: Pin 8 


Voo 
Tlow 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
TVp 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
50 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
V1n = Van 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V1n = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage#" 
"0" Level 
VIL 
Vdc 
(VO: 
4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 


(VO ~ 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO ~ 13.5 0,1.5 
Vdcl 
15 
4.0 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO - 0.50< 
4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 0' 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
=1 
50r 
13.5 
Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
IAL 
DeVice) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH =4.6 
Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH ~ 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL ~ 0.4 Vdcl 
SInk 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL ~ 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL -1.5 
Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 


1VOH ~ 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


IVOH =4.6 
Vdcl 
5.0 
-0.52 
_. 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH =9.5 
Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH -13.5 
Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL -1.5 
Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
'in 
15 
- 
'01 
- 
'000001 
,01 
- 
, 1.0 
jJAdc 


Input Current 
ICLlCP 
Device) 
lin 
15 
- 
'03 
- 
'0.00001 
'03 
- 
, 1.0 
jJAdc 


Input 
Capacitance 
Con 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 


1Vin: 
01 


Quiescent 
Current 
(Al 
DeVice) 
100 
50 
- 
50 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
Devlcel 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
1JAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
0.015 
80 
600 


Total Supply 
Current·· 
t 
IT 
5.0 
IT 
11.1 "A/kHzl 
f t 100 
}JAde 


{DynamiC 
plus Ouiescent, 
10 
IT -12.3 
"A/kHzl 
f t 100 
Per 
Package} 
15 
IT • (3.7 "A/kHzl 
f t 
100 


(CL" 
50 pF on all outputs, 
all 
buffers sWitching) 


-Tlow = -SSoC for AL Device, -400C 
for CLlCP 
Device. 


Thigh- 
+12SoC for AL Oevice. +8SoC for CLlCP 
Oevice. 


:lNoise 
Immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "a.. level"" 1.0 Vdc min@ 
VOO 
= 5.0 Vdc 


2.0 Vdc min @ VOO 
= 10 Vdc 


2.5 Vdc min@ 
VOO 
~ 15 Vdc 


tTo calculate 
total supply current at loads other than 50 pF: 


ITICL) 
: IT(50 pFI + 3 • 10-3 
(CL -501 VOOf 
where: 
IT is in ~A (per package), CL in pF, Vob 
in Vdc, and f in kHz is input frequency. 
--The 
formulas given are for the typical characteristics only at 25°C. 


Voo 
All Typ. 


Ch.r.cteriltic 
Symbol 
Vde 
Mln 
Typ 
Mu 
Unit 


Output 
Rise and Fall Time 
tTLH, tTHL 
n. 


tTLH, tTHL 
: 11.35 n.!pF) 
CL +32 
n. 
5.0 
- 
100 
200 


tTLH. tTHL 
: 10.6 n.!pF) 
CL + 20 n. 
10 
- 
50 
100 


tTLH. tTHL 
'10.4 
n.!pF) 
CL + 20 n. 
15 
- 
40 
80 


Propagation Delay Time - 
Clock to Q 
tpLH. 
n. 


tPLH, tpHL' 
10.9 n.!pF) 
CL + 165 n. 
tPHL 
5.0 
- 
210 
400 
tPLH. tpHL : 10.36 n.!pF) 
CL + 64 n. 
10 
- 
85 
160 


tpLH. tpHL : 10.26 n.!pF) 
CL + 52 n. 
15 
- 
65 
120 


Propagation 
Delay 
Time 
- 
ReSet to a 
tpHL 
n. 


tpHL· 
10.9 n.!pF) 
CL + 205 n. 
5.0 
- 
250 
500 


tpHL: 
10.36 n.!pF) 
CL + 79 n. 
10 
- 
100 
200 


tpHL' 
10.26 n.!pF) 
CL + 62 n. 
15 
- 
75 
150 


Clock Pulse Width 
twH 
5.0 
150 
75 
- 
n. 


10 
90 
45 
- 


15 
70 
35 
- 


ReSet Pulse Width 
tWL 
5.0 
200 
100 
- 
n. 


10 
100 
50 
- 


15 
80 
40 
- 
Clock Pulse Frequency 
lei 
5.0 
- 
7.0 
2.0 
MHz 


10 
- 
12.0 
5.0 


15 
- 
15.5 
6.5 


Clock Pulse Rile end Fall Time 
tTLH. tTHL 
5.0 
- 
- 
15 
jl' 


10 
- 
- 
15 


15 
- 
- 
15 


Data Setup 
Time 
tsu 
5.0 
40 
20 
- 
n. 


10 
20 
10 
- 


15 
15 
0 
- 


Data Hold Time 
th 
5.0 
80 
40 
- 
ns 


10 
40 
20 
- 


15 
30 
15 
- 


Reset Removal 
Time·· 
trem 
5.0 
250 
125 
- 
n. 


10 
100 
50 
- 


15 
80 
40 
- 


.."'~ 
tram 


50,. 


tWL 


® MOTOROLA 


The MC14175B quad type 0 flip-flop 
is constructed with MOS P- 
channel and N-channel enhancement mode devices in a single mono- 
lithic structure. Each of the four flip-flops 
is positive-edgetriggered 
by a common clock input (C). An active-low reset input (R) asyn- 
chronously resets all flip-flops. 
Each flip-flop 
has independent Data 
(D) inputs and complementary outputs 
(0 and OJ. These devices 
may be used as shift register elements or as type T flip-flops 
for 
counter and toggle applications. 


• 
Complementary Outputs 


• 
Static Operation 
• 
All Inputs and Outputs Buffered 


• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 
• 
Output Compatible with Two HTL Loads, Two Low-Power TTL 
Loads or One Low-Power Schottky TTL Load 


• 
Functional Equivalent to TTL 74175 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
-0.5to'18 
Vdc 


Input Voltage, All Inputs 
Vin 
-{).5 to Voo 
• 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature Range - 
AL Device 
TA 
-55 to '125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to '150 
°c 


INPUTS 
OUTPUTS 


Clock 
Data 
AOS8t 
a 
a 
....r 
0 
1 
0 
1 
...J" 
1 
1 
1 
0 
'- 


X 
1 
Q 
Q 


X 
X 
0 
0 
1 


This device 
contains 
circuitry to protect 
the inputs 
against 
damage due to 
high 
static volt8ge. 
or electric 
fields; however. 
It I. advised that 
normal 
precaution. 
be 
teken 
to 
avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
Impedance 
circuit. 
For 
proper 


operation 
It is recommended 
that 
V in and 
Vout 
be constrained 
to 
the 
range 
VSS 
<; 
(Vin 
or Voutl 
<: VOO' 


Unul8d 
inputs 
must 
always 
ba tied 
to an 
appropriata 
logic voltage 
level (e.g., either 
VSS or VOO). 


MC14175B 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


_o"m. ~':. 
0•• :',:':: 
••• 
t:: P 
Plastic Package 


. A 
Extended 
Operating 
Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 


Clock 
00 
2 


R••• t 
00 
3 


01 
4 
DO 
01 
6 


01 
02 
10 


02 
11 


12 
02 
03 
16 


13 
03 
03 
14 


VOO 
"" Pin 16 


VSS" 
Pin 8 


Voo 
Tlow . 
2SoC 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
V." = Vao 
or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
VIn=OorVoo 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage#" 
"0" Level 
VIL 
Vdc 
(VO ~ 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO - 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO -13.5 
or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO ~ 0.5 or 4.5 Vdc) 
5.0 
35 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVO - 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va = 15 or 13.5 Vdd 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Dnve CUrlent (AL Device) 
10H 
mAde 


(VOH ~ 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
IS 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


IVOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
IVOL - 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


IVOL - 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
10H 
mAde 


(VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL • 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
088 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL • 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(At. 
Device) 
I,n 
IS 
'0.1 
'0.00001 
'0.1 
- 
± 1.0 
,uAdc 


Input 
Current 
(CUep 
Device) 
lin 
15 
- 
, 0.3 
- 
W.OOOOI 
, 0.3 
- 
, 1.0 
/JAde 


Input 
Capacitance 
Con 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
'" 0) 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
50 
0.005 
5.0 
150 
,uAdc 


IPer 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.Q15 
20 
- 
600 


QUiescent 
Current 
(CUep 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
ISO 
IJAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current·· 
t 
IT 
5.0 
IT = 11.7 "A/kHz) 
f + 100 ; 
/-lAde 


(Dynamic 
plus 
Quiescent, 
10 
IT = 13.4 "A/kHzl 
t + 100' 


Per Package) 
15 
IT = 15.0 "A/kHzl 
f + 100' 


ICL ;::.50 pF on all outputs, all 
buffers sWitching) 


eTlow"" -55°C 
for AL Device, -40oC for CLlCP 
Device. 


Thigh - +'2SoC 
for AL Device. t8S0C 
for CLlCP 
Device. 
#Noise immunity specified for worst·case input combination. 


NOIseMargin for both "'" 
and "O"level 
= 1.0 Vdc min@VDD 
=5.0 
Vdc 
2.0 Vdc min @ VOD 
='0 
Vdc 
2.5 Vdc rnin@ VOO 
~ 15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


ITICLI 
= ITI50 pF) + 4 x 10-3 ICL -501 VOOf 
where: IT is in ~A (per package), CL in pF, Vao 
in Vdc. and f in kHz is input frequency. 
--The 
formulas given are for the typical characteristics only at 25°C. 


Voo 
All Types 


Characteristic 
Symbol 
Vde 
Min 
Typ 
Max 
Unit 


Output 
Rise and Fall Time 
tTLH. 
tTHL 
ns 


tTLH. 
tTHL 
= (1.35 ns!pFI CL + 32 ns 
5.0 
- 
100 
200 


tTLH. 
tTHL 
= (0.6 ns!pF)CL 
+ 20 ns 
10 
- 
50 
100 


tTLH. 
tTHL 
= (0.4 ns!pF) CL + 20 ns 
15 
- 
40 
80 


Propagation Delay Time - 
Clock to Q 
tPLH. 
ns 


tpLH. 
tpHL 
= (0.9 ns!pF) CL + 175 ns 
tpHL 
5.0 
- 
220 
400 


'PLH. 
'pHL 
= (0.36 ns!pFI CL + 72 ns 
10 
- 
90 
160 


tpLH. 
'PHL 
= (0.26 ns!pF) CL + 57 ns 
15 
- 
70 
120 


Propagation Delay Time - 
Reset to Q 
tpHL 
ns 


tpHL 
= (0.9 ns!pF) CL + 280 ns 
5.0 
- 
325 
500 


'PHL 
= (0.36 ns!pFI 
CL + 112 ns 
10 
- 
130 
200 


'PHL 
= (0.26 ns!pF) CL + 87 ns 
15 
- 
100 
150 


Clock Pulse Width 
'WH 
5.0 
250 
110 
- 
ns 


10 
100 
45 
- 
15 
75 
35 
- 


~ 
Pulse Width 
tWL 
5.0 
200 
100 
- 
ns 


10 
80 
40 
- 
15 
60 
30 
- 


Clock Pulse Frequency 
tel 
5.0 
- 
4.5 
2.0 
MHz 


10 
- 
11 
5.0 
15 
- 
14 
6.5 


Clock Pulse Rise and Fall Time 
tTLH. 
tTHL 
5.0 
- 
- 
15 
IlS 


10 
- 
- 
15 


15 
- 
- 
15 


Data Setup 
Time 
tsu 
5.0 
120 
60 
- 
ns 


10 
50 
25 
- 
15 
40 
20 
- 


Data Hold Time 
th 
5.0 
80 
40 
- 
ns 


10 
40 
20 
- 


15 
30 
15 
- 


~Removal 
Time·· 
trem 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 


15 
80 
40 
- 
• 


90% 
50% 
'0% 


tTLH 
.."'~ 


trem 


50% 


'WL 
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The MC14194B is a 4-bit static shift register capable of operating 


in the parallel load, serial shift left, serial shift right, or hold mode. 
The asynchronous Reset input, when at a low level, overrides all 
other 
inputs, resets all stages, and forces all outputs 
low. When 


Reset is at a logic 1 level, the two mode control inputs, SOand 51, 
control the operating mode as shown in the truth table. Both serial 
and parallel operation are triggered on the positive-going transition 
of the Clock input. The Parallel Data, Data Shift, and mode control 
inputs must be stable for the specified setup and hold times before 
and after the positive-going Clock transition. 


• 
Quiescent Current = 5.0 nA typ/pkg 
@ 5 Vdc 


• 
Typical Shift Frequency = 9.0 MHz @ 10 Vdc 


• 
Synchronous Right/Left 
Serial Operation 
• 
Synchronous Parallel Load 


• 
AsynChronous Hold (Do Nothing) Mode 


• 
Functional Pin for Pin Equivalent of 74194 


INPUTS 
OUTPUTS 


OPEAATING 
(Aesel = 1) 
(@tn+ 
1) 


MODE 
S1 
SO 
DSA 
DSL 
DpO-3 
QO 
Q1 
Q2 
OJ 


Hold 
0 
0 
x 
x 
X 
QO 
Q1 
Q2 
Q3 


1 
0 
X 
0 
X 
Q1 
Q2 
Q3 
0 


Shift 
Left 


1 
0 
X 
1 
X 
Q1 
Q2 
Q3 
1 


0 
1 
0 
X 
X 
0 
QO 
Q1 
Q2 


Shift 
Right 
0 
1 
1 
X 
X 
1 
Q2 
QO 
Q1 


Parallel 
1 
1 
X 
X 
0 
0 
0 
0 
0 


1 
1 
X 
X 
1 
1 
1 
1 
1 


MC14194B 


4-BIT BIDIRECTIONAL 
UNIVERSAL 
SHIFT 
REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


_"omr'om. 
0, •• ,•• 


t= 
L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Voo 
Tlow· 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
TVp 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
V,n 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


''1'' 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V,n 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VoltageJ.: 
"0" Level 
VIL 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
15 
- 
2.25 
1.5 
- 
1.5 


'Vo 
9.0 or 1.0 Vdd 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Vo 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
V,H 


(VO 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1VO 
1.0 or 9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1 5 or 13.5 Vdd 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drlve 
Current 
(AL 
DeVice) 
'OH 
mAde 


(VOH 
2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
.- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


OUlput 
Drlve 
Current 
(CLlCP 
DeVice) 
IOH 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.:f 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-3:6 
.- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdcl 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
DeVice) 
I,n 
15 
- 
±0 1 
±O 00001 
±Q 
1 
- 
± 1.0 
pAdc 


Input 
Current 
(CL/CP 
Device) 
I,n 
15 
±03 
- 
1000001 
±03 
- 
± 1.0 
IJAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
120 
- 
- 
pF 


(V in = 0) 


QUIescent 
Current 
(AL 
DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
J,lAdc 


(Per 
Packagel 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.D15 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
Devlcel 
'DO 
50 
- 
20 
- 
0.005 
20 
- 
150 
}JAde 
(Per Packagel 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.D15 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT = (0.95 I'A/kHzl 
f + IDO 
!JAde 


(DynamiC 
plus 
Quiescent, 
10 
IT=11.9I'A/kHzlf+ 
100 


Per Package) 
15 
IT = 12.91'A/kHzl 
f + 100 


(CL 
- SO pF 
on all outputs, 
all 


buffers 
sWitching) 


·Tlow 
-SSoC 
for 
AL 
DeVIce, 
-400C 
for 
CLlCP 
DeVice. 


Thigh 
- 
t12SoC 
for 
AL 
DeVice, 
+8SoC 
for 
CLlCP 
Oevice. 


~Noise 
Immunity 
specified 
for 
worst·case 
input 
combination. 


NOIse Margin 
for 
both 
"1" 
and 
"0" 
level'"' 
1 0 Vdc 
min@VOD 
:" 5.0 
Vdc 


2.0 
Vdc 
min@ 
VOD 
.; 10 Vdc 


2.5 
Vdc 
min 
@ VOO 
z 
15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF: 


ITICLI 
ITI50 pFI + 2 x 10-3 (CL -501 VOO' 


where: 
IT 
IS In ~A 
(per 
packagel, 
CL 
in pF, 
VOO 
in Vdc, 
and 
f in kHz 
is input 
frequency. 


• ·The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 2SoC. 


This device contains circuitry 
to protect 
the 
inputs against damage due to 
high 
static voltages or electric fields; however, 
it is advised that 
normal precautions be 
taken to avoid application of any voltage 
higher than 
maximum rated voltages to 
this 
high impedance circuit, 
For proper 
ope(ation it is recommended that Vin and 
Vout be constrained to the range VSS " 
(Vin or Vout) " VDD, 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSSor VOOI. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 
to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAdc 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 


CUCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Voo 
Characteristic 
Symbol 
Vd. 
Min 
Typ 
Mo. 
Unit 


Output 
Rise and Fall Time 
tTLH, 
tTHL 
ns 
tTLH, 
tTHL 
= 11.35 ns/pFI CL + 32 ns 
5.0 
- 
100 
200 


tTLH, 
tTHL 
= 10.6 ns/pFI CL + 20 ns 
10 
- 
50 
100 
tTLH, 
tTHL 
= 10.4 ns/pFI CL + 20 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH,tpHL 
ns 
Clock to 0 


tPLH,tpHL 
= 10.9 ns/pFI CL + 230 ns 
5.0 
- 
275 
550 


tPLH,IPHL 
= 10.36 ns/pFI CL + 92 ns 
10 
- 
110 
220 


'PLH,IPHL 
= (0.26 ns/pFI CL + 72 ns 
15 
- 
85 
170 


Reset to 0 
'PHL 
ns 
'PHL = (0.9 ns/pFI CL + 305 ns 
5.0 
- 
350 
700 


'pHL = (0.36 ns/pFI CL + 122 ns 
10 
- 
140 
280 
'PHL = (0.26 ns/pFI CL + 97 ns 
15 
- 
110 
220 


Clock Pulse Width 
twH 
5.0 
280 
140 
- 
ns 


10 
110 
55 
- 


15 
85 
40 
- 


Reset Pulse Width 
twH 
5.0 
180 
90 
- 
ns 


10 
70 
35 
- 


15 
50 
26 
- 
Clock Pulse Frequency 
'ei 
5.0 
- 
3.6 
1.8 
MHz 
(Shift Right or Left Mode) 
10 
- 
9.0 
4.5 
15 
12 
6.0 


Clock Pulse Rise and Fall Time 
'TLH,'THL 
5.0 
/,s 


10 
No Limit 
15 


Setup Time 
'su 
ns 


Data to Clock 
5.0 
10 
-8.0 
- 
10 
20 
0 
- 


15 
40 
9.0 
- 


Mode Control 
(S) to Clock 
5.0 
200 
100 
- 
ns 


10 
75 
36 
- 


15 
55 
27 
- 


Hold Time 
Ih 
ns 
Data to Clock 
5.0 
180 
90 
- 
10 
50 
25 
- 
15 
35 
10 
- 
Mode Control 
(S) to Clock 
5.0 
0 
-40 
- 
ns 
10 
0 
-27 
- 
15 
0 
-20 
- 
Reset Removal Time** 
trem 
5.0 
300 
150 
- 
ns 


10 
110 
55 
- 


15 
80 
40 
- 


Parallel Load 
VOO 


16 


15 
°PO 
00 
4 
°P1 
CL1:: 


°P2 
14 
6 
01 


11 
°p3 
CLI: 
Clock 


05R 
13 
02 
05L 
CLI: 


50 
10 
12 
51 
03 
R 
CLI: 
8 
V55 


Serial Load 
Voo 


16 


00 
15 


4 
OPO 


DP1 
CL1:: 


°P2 
14 
01 
op3 
CL:J 
Clock 


05R 
13 


02 


05L 


CL 1:: 
50 
51 
12 
03 


R 


CL 1:: 
8 
V55 


op~on~20n, 
DSR 
90% 


DSL 
50% 
10% 
- 
_ 


th 
th 


tsu 
'tsu 


""'}£ 


trem 


50% 


'WL 


VOO 


16 


00 
15 
opO 


°P1 


°P2 
14 
01 
°P3 


Clock 


05R 
13 
02 
05L 


50 
51 
03 
12 


R 


8 
V55 
\_- 
VOL 


@ MOTOROLA 


The MC14403 and MC14405 produce audio tones according to 
the telephone standard 2 of 8 (DTMF) encoding. An on·chip mixer 
provides weighted amplitudes of high and low band signals that are 


generated as piecewise linear sine waves to minimize distortion. 
Low 
external 
parts count 
and use of an inexpensive 3.58 MHz crystal 
make these parts cost·effective in telephone instrument design, tone 
encoding for radio transmitters, or for useas a standard tone source 
for security systems and data transfer. 


• 
3 to 12 Volt Operation 


• 
UsesInexpensive 3.579545 MHz (TV Color Burst) Crystal 


• 
Distortion Typically 
2% Without Filtering 


• 
Crystal Oscillator is Inhibited When No Key is Depressed 


• 
Minimum Turn On and Turn Off Transients 


• 
Amplitude 
Level is Selectable with External Capacitor 
and is Suppy Voltage Independent 


• 
Low Standby Current 


• 
Integrated Active Bridge Rectifier Eliminates External Diode 


Bridge in Telephone Applications 


• 
UsesStandard Telephone Keyboard for 
Maximum Noise Immunity 


• 
Dual Tone or Sin~le Tone Capability 


• 
MC14403 Similar to MK5089. Rowand Column Inputs 


Have Pull-Up Current Sources 


• 
MC14405 Same as MC14403 with Internal Active Bridge 


I 
I 
I 
I 
I 
I 


I 
vss 
MC144050n1Y'DCllDC2 


MC14403 
MC1440S 


(LOW·POWER 
COMPLEMENTARY 
MOS) 


DTMF 
INTEGRATED 
TONE DIALER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
680 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
707 


Suffix 
Cenotes 


T - L 
Ceramic 
Package 
t:: P 
PI.stic Peck.ge 


VDD 
'TO 


CE 
FC 


Cl 
Rl 


CZ 
RZ 
MC14403 


C3 
R3 


VSS 
R4 


Oscl 
AKD 


OseZ 
IC4 


DC1, 
VDD 


CE 


Cl 


CZ' 


C3~ 


Vssl 


Oscl: 


Osc21 


DCZ 


TO 


FC 


Rl 


RZ 


R3 


R4 


IAKD 


C4 


Rating 
Symbol 
Value 
Unit 


Supply Voltage (VOO-VSSJ 
VOO 
12 
Vdc 


Voltage 
on Any Pin 
Vin 
VSS - 0.3 to 
Vdc 


VOO + 0.3 


Maximum 
Power Dissipation 
Po 
500 
mW 


Tone Output 
Current 
lout 
20 
mA 


Storage Temperature 
Range 
TstQ 
-55 to +150 
°c 


Operating Temperature 
Range 
TA 
-30 
to +60 
°c 


Supply Voltage 
Pin 1 to Pin 18 
VOC 
12 
V 


Supply Current 
into Pi~ 1 or Pin 18 
loC 
100 
mA 


Voltage 
on Pins 1 or 18 
Vin 
VSS -0.7 
to 
Vdc 


VOO +0.7 


Supply Voltage 


Key Sensing and AKD 
Operation 


Characteristic 
Symbol 
VOO-VSS 
Min 
Typ 
Max 
Unit 


Input Voltage 
Row, Column 
VIL 
5.0 
- 
2.25 
1.5 
Vdc 
10 
- 
4.50 
3.0 
CE 
5.0 
- 
- 
3.0 


10 
- 
- 
8.0 


Row, Column 
VIH 
5.0 
3.5 
2.75 
- 
Vdc 
10 
7.0 
5.5 
- 
CE 
5.0 
4.0 
- 
- 


10 
9.0 
- 
- 


Output 
Drive Current 
AKO 
IOH 
~A 


(VO· 
4.5 Vdc) 
5.0 
-20 
- 
- 
(VO = 9.5 Vdcl 
10 
-80 
- 
- 


(VO = 2.0 Vdc) 
IOL 
5.0 
3.0 
- 
- 
mA 
(VO· 
2.0 Vdc) 
10 
12 
- 
- 


Tone Output 
Before Clipping 
RL'600n 
Vo 
· 
0.9 
- 
- 
Vp 


RL'250n 
· 
0.8 
- 
- 


Total 
Harmonic 
Distortion 
RL=600n 
THO 
· 
- 
2.0 
- 
% 


Quiescent Current 
'00 
5.0 
- 
100 
- 
~A 


(No Key Depressed) 
10 
- 
130 
- 


Total 
Supply Current 
RL = 1.0 kn 
IT 
· 
- 
3.0 
- 
mA 


Turn On Delay Time 
(Oscillator 
Start-Up 
Time) 
TO 
· 
- 
- 
10 
ms 


Output 
Voltage 
Active 
Rectifier 
OC1-0C2 
Vdc 


(Output 
= VOO-VSS) 
100 = 1 mA 
3.0 
- 
2.9 
- 
2mA 
3.0 
- 
2.8 
- 
SmA 
3.0 
- 
2.5 
- 


1 mA 
3.5 
- 
3.4 
- 
2mA 
3.5 
- 
3.3 
- 


6mA 
3.5 
- 
3.0 
- 


1 mA 
4.0 
- 
3.9 
- 


SmA 
4.0 
- 
3.6 
- 


10mA 
4.0 
- 
3.3 
- 


15mA 
4.0 
- 
3.0 
- 


1 mA 
4.5 
- 
4.4 
- 


10mA 
4.5 
- 
3.9 
- 


TONE 
GENERATION 
The 
output 
frequencies 
are derived 
from 
the 3.579545 


MHz crystal 
oscillator 
by 
integer 
divider 
ratios. 
The 
sine 


wave 
output 
is generated 
by 
feeding 
different 
constant 
currents 
into 
an integrator. 
At the 
output 
of this integra- 


tor, the current 
steps 
appear 
as variable 
ramps. 
The output 
amplitude 
is 
inversely 
proportional 
to 
the 
integrator 


capacitance 
between 
tone 
output 
and 
feedback 
input 


and 
can 
be 
adjusted 
by 
the 
choice 
of 
capacitor 
value. 


A 
0.012 
/IF 
capacitor 
delivers 
approximately 
970 
mVp 


of composite 
output 
voltage 
for Key D (R4/C4). 


The 
tone 
output 
de component 
is VSS, 
if no tone 
is 
to 
be generated 
and 
it is approximately 
VSS + 1.1 V, if 
a tone 
is generated. 
The 
max imum 
output 
swing 
without 


clipping 
is from 
VSS to VSS + 2.2 V. An external 
resistor 
is added 
across 
the 
capacitor 
to reduce 
output 
drift. 
The 
time 
constant 
equal 
to 
the 
feedback 
capacitor 
times 
feedback 
resistor 
must 
be equal 
or larger than 
the longest 


single output 
period. 


RF ;;'l/(CF' 
fRow 
1) = 120 kQ for CF = 0.012/lF 


KEYBOARD 
DEBOUNCE 


The 
leading 
edge 
of a valid 
keyboard 
input 
signal 
will 
enable 
the 
oscillator. 
The 
oscillator 
will 
start 
up within 
typically 
5.0 ms. If the signal bounces 
within 
these 5.0 ms, 


there 
is no 
effect 
at the 
tone 
output. 
After 
1/16 
of the 
period 
of the 
highest 
frequency 
to be generated 
following 
the 
oscillator 
start-up 
time, 
the 
keyboard 
signal is latched 
and 
will 
not 
be affected 
anymore 
by key bounce. 
It will 
be unlatched 
only 
during 
those 
times 
at which 
the 
com- 
posite 
tone 
output 
is 
within 
approximately 
6% 
of 
its 


absolute 
minimum 
and, 
after 
releasing 
the 
key, continues 


until 
it is again 
within 
6% of that 
minimum. 
In addition 
to 
debouncing 
the 
keyboard, 
the 
de switch-on/switch-off 


transients 
are minimized. 


ACTIVE 
BRIDGE 
RECTIFIER 


A de voltage 
of 
either 
polarity 
applied 
between 
DCl 


and 
DC2 generates 
another 
de voltage 
between 
VDD 
and 
VSS with 
VDD being always 
positive. 
Because 
the internal 
bridge 
rectifier 
replaces 
the 
conventional 
diodes 
by 
semiconductor 
switches 
without 
offset 
voltage, 
but 
with 
a finite 
on-resistance, 
the 
voltage 
drop 
across 
the 
rectify- 


ing 
element 
is close 
to 
zero 
at 
low 
currents. 
At 
high 


currents 
and 
low de voltages, 
the 
voltage 
drop 
across 
the 


on-resistance 
of the 
rectifying 
element 
might 
exceed 
the 


forward 
voltage 
drop 
of 
a 
diode. 
In 
those 
cases, 
the 
internal 
bridge 
should 
be paralleled 
with 
an external 
diode 


bridge 
in 
order 
to 
increase 
efficiency 
and 
to 
prevent 


latch-up. 
If the 
active 
bridge 
will not 
be used, 
the supply 


voltage 
should 
be directly 
applied 
to VDD 
(positive) 
and 


VSS (negative). 


KEYBOARD 
LOGIC 


In the 
quiescent 
state, 
the 
row 
and column 
inputs 
are 
pulled 
up 
by constant 
current 
sources. 
The 
AKD 
pin 
is 
normally 
low 
and 
goes high 
if any 
key 
input 
is activated 
(even 
an 
invalid 
combination). 
Thus 
AKD 
or 
any 
key 


down 
can 
be 
used 
for 
receiver 
muting 
and 
transmitter 
switching 
in lieu 
of 
extra 
common 
switches 
on the 
key- 


board. 
The keyboard 
logic operates 
as follows: 


a. 
DTMF-tone 
pairs 
will only 
be generated 
by pushing 


a single key. 
b. Single 
tones 
can 
be generated 
by activating 
one row 
(or 
column) 
and 
more 
than 
one column 
(or row) 
inputs. 
Pushing two 
or more keys in a given row will generate 
only 
the common 
row tone 
and pushing 
two or more 
keys 
in a given column 
will generate 
only 
the common 
column 


tone. 
c. 
Single tones 
can also be generated 
by activating 
only 
one row or only one column 
input, 
e.g., Cl activated. 


CE 
(Chip 
Enable) 
is 
also 
pulled 
to 
VDD 
with 
an 
internal 
current 
source. 
If CE is pulled 
low, the oscillator 
and 
the 
tone 
output 
are 
disabled 
and 
no 
tone 
will 
be 


generated. 
The AKD output 
is unaffected 
by CEo 


SUPPLY 
VOLTAGE/CURRENT 
CONSIDERATIONS 


Most 
of 
the 
chip 
is 
operated 
from 
an 
internally 
generated 
3.0 
V regulated 
voltage 
that 
tracks 
the 
supply 


voltage 
below 
3.0 
V. The 
chip 
current 
consumption 
in- 


creases 
from 
0 to 
3.0 
V and 
stays 
constant 
from 
3.0 
V 
to 
12 V. The 
tone 
output 
ac and de voltage 
is constant 
when 
the 
supply 
voltage 
is above 
3.0 V. The chip-current 
consumption 
does 
not 
load 
the 
tone 
signal 
down 
by its 


own impedance. 


Nominal 
Actual- 
Deviation- 
Divider Ratio 
Relative 
Amplitude 


Input 
Hz 
Hz 
% 
N 
At/A2 
dB 


Rl 
697 
699.13 
+0.3 
5120 
1.0 
0 
R2 
770 
766.17 
-0.5 
4672 
1.04 
0.3 
R3 
852 
847.43 
-0.5 
4224 
1.08 
0.7 
R4 
941 
947.97 
+0.74 
3776 
1.12 
1.0 
C1 
1209 
1215.88 
+0.57 
2944 
1.30 
2.3 
C2 
1336 
1331.68 
-0.32 
2688 
1.35 
2.6 
C3 
1477 
1471.85 
-0.35 
2432 
1.41 
3.0 
C4 
1633 
1645.01 
+0.74 
2176 
1.46 
3.3 


, 


I,, 


I, 


Network 
I 
I, 


I 


I 


I 
I 


L 
.J 


• 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due to high static 
voltages 
or 
electric 
fields; 
hO\lVever. 
it 
is 
advised that 
normal 
precautions 
be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS ~ 
(Vin 
or 
Vou,l 
<; VOO· 
Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate 
logic 
voltage 
level 
{e.g., either 
VSS or VOOI. 


,-------------, 
I 
, 
:~000 
I:0000 
I 00[!J0 
D000 


I 


I 


I 


I 


Il 
_ 


Motorola 
reserves 
the right 
to make changes 
to any products 
herein to improve 
reliability, 
function 
or design. 
Although 
the Information 
in this 
document 
has been carefully 
reviewed 
for broad application, 
Motorola 
does not assume any liability 
arising 
out of the application 
oruse 
of any 
product 
or circuit 
described 
herein; 
neither 
does it convey 
any license 
under 
its patent 
rights 
nor the rights 
of others. 
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Data 
Control 


TOC 


R1 


'0 


ROC 
Receive 
8 
Data 
Control 
RCE 


ROO 


Output 
CO, 


Sample 


and Hold 
CO2 


® MOTOROLA 


The MC14406 and MC14407 per channel PCM codecs are designed 
for 
8000-samples-per-second, 8-bit-per-sample voice coding and de- 
coding. These devices are full 
duplex 
and provide both Mu and A 
companding laws. 


The transmit 
and receive data rates are independently 
selectable 
from 64 kHz to 3.088 MHz allowing direct interface to 24, 30,32, 
and 48 channel digital frames. 
Both codecs are fabricated 
using CMOS technology 
for reliable 


low power performance. The MC14406 is the full feature device in 
a 28-pin package. The MC14407 provides a 24-pin package without 
signaling capabilites. 


• 
Per Channel Full Duplex Capability 


• 
Low Power Operation - 
80 mW Typ 


• 
Power Down Input (1.0 mW Max in Power Down Mode) 


• 
Pin Selection of A-law and Mu-Iaw Companding (MC14407) 


• 
Single Power Supply Operation - 
10 to 16 volts 


• 
Zero Code Suppression 


• 
Transmit and Receive Signaling Available (MC14406) 


• 
Independent Transmit and Receive Clocks to 3.088 MHz 


• 
Externally 
Selectable Full Scale 


• 
On-Chip Auto Zero 


MC14406 
MC14407 


FULL 
DUPLEX 
8-BIT 
COMPANDED 
PCM CODEC 


28-PIN PACKAGE 
.-•. 


Suffix 
Oenotes 
1 
L 
Ce,.m;c 
Package 


P 
Plastic 
Package 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO - VSS 
-0.5 
to +18 
Vdc 


Voltage, 
Any Pin to VEE 
V 
-0.5 
to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAdc 


IExcluding 
VOOI 


Operating 
Temperature 
Range 
TA 
-40 
to +85 
uC 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°c 


Parameter 
Pin 
Min 
Typ 
Max 
Unit 


DC Supply Voltage 
VOO - VSS 
10 
12 
16 
Vdc 


Convert Clock Freqency 
CCI 
128 
128 
512 
kHz 


Transmit 
Data Clock Frequency 
TOC 
128 
2048 
3088 
kHz 


Receive Data Clock Frequency 
ROC 
128 
2048 
3088 
kHz 


I nput Sample Capacitor 
CI1, CI2 
0.001 
0.002 
0.010 
~F 


Output 
Sample Capacitor 
C01, CO2 
0.001 
0.002 
0.010 
~F 


Unit Step Size = Full Scale/4096 
ADO 
0.36 
0.85 
1.2 
mV 


Full Scale Voltage IV DO = 15 VI 
ADO 
1.5 
3.5 
5.0 
Vp 


Load Bias Resistor 
VAG 
2.0 
- 
- 
kf! 


Bypass Capacitor 
VAG 
- 
0.1 
- 
~F 


Auto Zero Capacitor 
CZ1, cn 
- 
0.002 
- 
~F 


Characteristic 
Min 
Typ 
Max 
Unit 


Signal to Noise Ratio 
+3.0 
to -30 
dBm 
33 
36 
- 
d8 


S+N+D 
-40 
dBm 
27 
N+D 
30 
- 


C Message at f = 1020 Hz 
-45 dBm 
22 
25 
- 
d8 


Deviation 
from 
Level Linearity 
+3.0 to -35 
d8m 
-0.5 
- 
+0.5 
dB 
-35 
to -45 dBm 
-0.10 
- 
+1.0 
dB 


Idle Channel Noise (ADI 
'" VAG) 
- 
0 
12 
dBmC 
Quiet Code 
- 
- 
- 


This 
device 
contains 
circuitry 
to 
protect 


the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
hovvever, 
it 
is 


advised 
that 
normal 
precautions 
be taken 


to 
avoid 
application 
of 
any voltage 
higher 
than 
maximum 
rated voltages to this high 
impedance 
circuit. 
For 
proper 
operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range VSS 
'" 
(Vin 
or 
Voutl 
•• VOO· 


Unused 
inputs 
must 
always 
be tied 
to an 
appropriate 
logic 
voltage 
level {e.g., either 


VSS or VOOI. 


VDD 
-40°C 
+250C 
+850C 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Operating Current (R2 :: 25 k) 
I 
12 
- 
- 
- 
8.0 
- 
- 
- 
mA 


Power-Down Current (POI:: 
VSS) 
IpO 
12 
- 
- 
- 
30 
80 
- 
- 
~A 


Input 
Current 
CCI, ROD, RCE, ROC, TOC, POI 
lin 
12 
- 
- 
- 
±0.00001 
±O.3 
- 
- 
~A 
DOC, SBO, MSI, SBI, SBE 
linS 
- 
- 
- 
+30 
- 
- 
- 


(Internal 
Pull·Down Resistors) 
linD 
- 
- 
- 
-0.00001 
-0.3 
- 
- 


TOE, Mu/A·law 
linS 
- 
- 
- 
+0.00001 
+0.3 
- 
- 


(Internal Pull·Up Resistors) 
linD 
- 
- 
- 
-30 
- 
- 
- 


Input Voltage 
"0" 
Level 
Vil 
12 
- 
- 
- 
5.25 
3.60 
- 
- 
V 


15 
- 
- 
- 
6.75 
4.0 
- 
- 


"'" 
Level 
VIH 
12 
- 
- 
8.4 
6.75 
- 
- 
- 
V 


15 
- 
- 
11 
8.25 
- 
- 
- 


Input Capacitance 
Gin 
12 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Output 
Drive Current 
SBO 
VOH'll 
IOH 
12 
- 
- 
-2.0 
-4.0 
- 
- 
- 
mA 
VOH'13.5 
15 
- 
- 
-3.0 
-8.8 
- 
- 
- 
VOL' 
1.0 
IOl 
12 
- 
- 
2.0 
4.0 
- 
- 
- 
mA 
VOL' 
1.5 
15 
- 
- 
3.0 
8.8 
- 
- 
- 


Output 
Drive Current 
TOO 


VOH ' 
11 
IOH 
12 
- 
- 
-4.0 
-8.0 
- 
- 
- 
mA 
VOH'13.5 
15 
- 
- 
-6.0 
-17.6 
- 
- 
- 


VOl'l.0 
IOl 
12 
- 
- 
4.0 
8.0 
- 
- 
- 
mA 
VOl'15 
15 
- 
- 
6.0 
17.6 
- 
- 
- 


_40°C 
+2SoC 
+8SoC 


Characteristic 
Pin 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Analog Ground 
Voltage 
VAG 
- 
- 
6.0 
6.05 
6.1 
- 
- 
V 
Source Current 
- 
- 
- 
200 
- 
- 
- 
~A 
Sink Current 
- 
- 
- 
5.0 
- 
- 
- 
mA 
Output 
Impedance 
- 
- 
- 
50 
- 
- 
- 
n 


Reference Input Current 
Iref 
- 
- 
50 
100 
200 
- 
- 
~A 


Input Offset Voltage 
- 
- 
- 
±10 
+25 
- 
- 
mV 
Offset Voltage Drift 
- 
- 
- 
30 
100 
- 
- 
~V/oC 


Input Impedance de 
AOI 
- 
- 
1.0 
10 
- 
- 
- 
Mn 
AC Inl 
CI ' 0.002 
nF, 1 kHz 
- 
- 
- 
80 
- 
- 
- 
kn 


Lower Common Mode Ring 
- 
- 
- 
2.0 
2.5 
- 
- 
V 


Upper Common Mode Ring 
- 
- 
9.5 
10 
- 
- 
- 
V 


Sample Duty Cycle 
ADO 
- 
- 
- 
3/16 
- 
- 
- 
- 
Neutral 
Duty 
Cycle 
- 
- 
- 
13/16 
- 
- 
- 
- 


Neutral Offset (From VAG) 
- 
- 
-25 
±25 
+25 
- 
- 
mV 
Neutral Offset Drift 
- 
- 
- 
30 
100 
- 
- 
~V/oC 
Source Current 
- 
- 
- 
200 
- 
- 
- 
mA 
Sink Current 
- 
- 
- 
5.0 
- 
- 
- 
mA 


Lower Common Mode Ring 
- 
- 
- 
2.0 
2.5 
- 
- 
V 


Upper Common Mode Ring 
- 
- 
9.5 
10 
- 
- 
- 
V 


Output 
Impedance 
- 
- 
- 
100 
- 
- 
- 
n 
Settling Time to 3.0 V Rand 
F 
- 
- 
- 
0.3 
- 
- 
- 
~s • 


1020 
Hz 


VOO 


Signal 
1.0 ~F 
CCI 
128 
kHz 


Generator 
CIl 
ADD 
Digital 
Data 
HP 651 B 
CI2 
ACE 
8.0 
kHz 
2000 
pF 
CZl 
AOC 


2.4 
k 
CZ2 
TOC 


Al 
+TDD 
Al 
A2 
+TDE 


S8E 
-DOC 


581 
580 


ADO 
580 


Distortion 
COl 
MSI 


Analyzer 
Filter 
CO2 
+P"5"l 


HP 333A 
VSS 
Iref 
A2 
25 k 


Noise 


Meter 
HP 3558 


1020 
Hz 


C Message 


Mu-Law 


12 Volt 
Supply 


100}J.A 
Iref 


PIN DESCRIPTION 


28 
24 


27 
23 


26 
22 


4 
25 
21 


24 
20 


6 
23 
19 


22 
18 


8 
21 
17 


20 
16 


'0 
19 
10 
15 


11 
'4 
" 
18 
'2 
13 
12 
17 


13 
16 


14 
15 


VAG 
- 
Analog 
Ground 
Output 
(VDD-VSS)/2. 
VAG is 


the output 
of the internal 
(VDD-VSS)/2 
voltage 
reference. 
A 
pull-up 
load 
resistor 
and 
bypass 
capacitor 
may 
be 


required 
if this 
output 
is to 
be 
used 
elsewhere 
in the 
system. 
This pin serves as the analog 
ground. 


ADI 
- 
Analog 
Data 
Input. 
The 
band·limiting 
input 
filter 
between 
the 
channel 
unit 
hybrid 
and 
the 
codec 


drive 
pin 
2. Driver 
source 
impedance 
should 
be 600 n or 
less. 
This 
is the 
voice 
input 
to 
the 
codec 
and 
will 
be 
sampled 
at 8.0 kHz. 
C11, CI2 
- 
Input 
Sample 
Capacitor. 
The 
input 
sample 
capacitor 
is connected 
to 
these 
pins. 
A 2000 
pF 
silver 
mica capacitor is recommended. 
CZ1, 
CZ2 
- 
Auto 
Zero 
Capacitor. 
The 
auto 
zero 
cir· 
cuit 
requires 
a 2000 
pF capacitor 
between 
these 
pins. 


R1, 
R2 - 
Gain Resistor. 
The V·to·1 conversion 
resistor 
is connected 
b~tween 
these 
pins. 
Gain 
is established 
by 
the ratio 
of this resistor 
and the resistor 
at pin Iref. 
MulA 
- 
Mu·Law/A·Law 
Select 
(Internal 
Pull·Up). 


Selection 
of Mu·law 
or A·law 
coding 
is provided 
for logic 
control. 
An 
internal 
pull·up 
provides 
Mu-Iaw 
output. 
An 


external 
connection 
to 
VSS 
provides 
A-law 
operation. 
SBE 
- 
Signal 
Bit 
Enable 
(Internal 
Pull·Down). 
5BE 
controls 
the 
insertion 
of transmit 
signaling 
bits 
into 
the 
transmit 
data 
register. 
When taken 
high, the next transmit 
word 
will contain 
the 
5B I pin 
level 
in the 
L5B position 


rather 
than 
the 
last bit of the PCM word. 
If kept 
high, the 
5BI 
data 
will 
be 
inserted 
in succeeding 
conversions 
until 
one conversion 
after 
it is brought 
low. 
It can 
be used for 
on-hook 
signaling 
or A and B signaling 
in D3 banks. 
SBI - 
Signal 
Bit Input 
(Internal 
Pull·Down). 
5BI is the 
data 
input 
for transmitting 
signaling 
bits. The level of 5BI 
will 
be 
latched 
on 
the 
leading 
edge 
of 5BE, 
or 
by the 


internal 
latch 
data 
pulse 
if 5BE 
is held 
high. 
If 5BE 
is 
pulsed, 
the 
leading 
edge 
of 5BE will latch 
5BI, and load it 
into the next 
transmit 
word. 


ADO 
- 
Analog 
Data 
Output. 
ADO 
outputs 
the 
received 
PAM 
sample 
for 
three 
convert 
clock 
cycles 
beginning 
with 
MSI. 
It then 
returns 
to the output 
neutral 
voltage 
which 
may 
be 
a few 
millivolts 
different 
from 


VAG1. 


C01, 
C02 
- 
Output 
Sample 
Capacitor. 
The 
output 
sample 
capacitor 
is connected 
between 
these 
pins. A silver 
mica capacitor 
of 2000 
pF is recommended. 


VSS 
- 
Most Negative 
Supply. 
This is the most 
negative 
supply 
pin, 
and 
the 
digital 
ground. 
All digital 
inputs 
and 
outputs 
will swing the full supply 
voltage. 
Iref - 
Current 
Reference 
Input. 
A reference 
current 
of 
50 to 200 /lA sets the 
full scale 
DAC current. 
An 80/lA 
input 
current 
corresponds 
to 
1.28 
mA 
full 
scale 
DAC 


current 
at pin R2. 
PDI 
- 
PQwer·Down 
Input. 
PDI 
deactivates 
the 
codec 
when 
pulsed 
to VS5. 
In the power-down 
mode 
the analog 
circuitry 
bias is turned 
off and the digital 
clock 
inputs 
are 


disabled. 
Power-down 
dissipation 
is less 
than 
1.0 
mW. 
MSI 
- 
Master 
Sync 
Input 
(Internal 
Pull·Down). 
The 
MSI leading 
edge 
resets 
the 
entire 
chip to the initial 
cycle 
(0000). 
The 
chip 
continues 
operation 
on the next 
leading 


edge 
of data 
and convert 
clock. 
MSI also resets 
the output 
data 
multiplexer 
to the transmit 
word 
sign bit. 


SBO 
- 
Signal 
Bit 
Output. 
SBa 
outputs 
the 
LSB of 
the 
receive 
data 
register. 
The 
LSB may 
be sampled 
exter- 
nally 
during 
the 
first 
three 
convert 
clocks 
after 
I\1S1 or 
used as a trigger 
pulse 
in off·hook 
applications. 


SBD - 
Signal 
Bit Decode 
(Internal 
Pull·Up). 
Signal 
bit 


decode 
allows 
the control 
of the 
112 LSB or LSB centering 
required 
in sample 
decode 
cycles. 
It is loaded 
by the 
RCE 
edge 
in each 
cycle. 
If a zero 
is entered, 
the 
next 
decode 


cycle 
adds 
112 
LSB to the 
8·bit 
received 
word 
to center 
the 
quantization 
error 
of the 
8·bit 
received 
sample 
when 
the 
output 
sample 
capacitor 
is charged. 
If a 1 is loaded 
by 
RCE, 
the 
1/2 
LSB is not 
added, 
and the 
LSB is forced 
to 


a 1 to 
form 
a centered 
error 
7,·bit output, 
and the 
LSB 


is ignored 
and 
assumed 
to be signaling 
information. 
(For 
codes 
1111111 
X or 
0111111 
X, the 
LSB 
is disabled 
for 
SBD high.) 


DOC 
- 
Decode 
Only 
Control 
(Internal 
Pull·Down). 
DOC 
is normally 
tied 
low. 
When 
high, 
it configures 
the 
device 
to 
skip 
the 
eight 
convert 
clocks 
used 
for 
A·to·D 


conversion. 
The 
operating 
cycle 
is then 
two 
clocks 
for 
PAM 
output 
at 
ADD 
and 
six 
clocks 
for 
charging 
the 
next 
output 
sample. 
The 
device 
may 
be used 
to 
do 
as 


many 
as four 
decode 
cycles 
in a 125 
Ils/period 
with 
an 
external 
transmission 
gate selector. 


Received 
Data 
is loaded 
into 
the 
transmit 
data 
register 
at 
MSI 
when 
in 
DOC 
mode, 
so 
DOC 
can 
be 
used 
as 
a digital 
loop 
back control. 
TOE 
- 
Transmit 
Data 
Enable 
(Internal 
Pull·Up). 
The 
Transmit 
Data 
Enable 
is a three-state 
control 
for 
the 


transmit 
digital 
output. 
A number 
of codec 
outputs 
can 
be interleaved 
into 
a serial 
stream 
by connecting 
the out- 
puts 
and 
controlling 
TOE 
with 
a 1·of-N decoder. 
It will 
provide 
switching 
characteristics 
capable 
of 3.088 
MHz 
operation. 
TOO 
- 
Transmit 
Digital 
Data. 
The 
Transmit. 
Digital 


Data 
rate 
is controlled 
by 
the 
data 
clock 
input, 
and 
is 
frame 
aligned 
with 
the 
Master 
Sync 
Input. 
If data 
clock 
is at 1.544 
MHz, and convert 
clock 
is at 128 kHz, the new 
sign bit will be output 
beginning 
with 
the leading 
edge of 
convert 
clock 
8, and the 
8·bit 
word 
repeated 
throughout 


the 
convert 
cycle 
at the 
data 
clock 
rate. 
The 
data 
word 
is 
inverted 
offset 
binary 
with 
zero 
code 
suppression. 
See Conversion 
and Data Timing . 
• 


TDC - 
Transmit 
Data 
Clock. 
TOe 
sets the digital 
data 


rate 
of the 
codec. 
The 
transmit 
data 
stream 
will provide 
a 
continuous 
repetition 
of the current 
transmit 
data 
word 
at 
the 
TDC 
bit 
rate, 
beginning 
with 
MSB 
first 
and 
syn- 
chronized 
with 
the 
last MSI. The new data 
word 
is loaded 
and 
serially 
output 
at mid-cycle 
or on the leading 
edge of 
convert 
clock 
8. 


ROC 
- 
Receive 
Data 
Clock. 
R DC controls 
the 
receive 


data 
register. 
It 
clocks 
the 
receive-data 
register 
on 
the 
trailing 
edge 
under 
the control 
RCE. 
It is often 
connected 
to TDC. 


RCE 
- 
Receive 
Clock 
Enable. 
The 
rising 
edge 
of RCE 


triggers 
the 
receive 
data 
register 
to 
accept 
a new 
data 


- input. 
After 
the 
rising 
edge 
of RCE, 
the 
data 
on 
ROD 
is 


loaded 
into 
the 
Receive 
Data 
Register 
on the 
next 
eight 
trailing 
edges 
of ROC. 
The 
ninth 
clock 
transfers 
the 
new 


8-bit 
word 
to 
an 
internal 
intermediate 
register 
and 
frees 
the Receive 
Data 
Register 
for a new RCE. 


ROD 
- 
Receive 
Digital 
Data. 
ROD 
is the 
input 
to the 
receive 
data 
shift 
register. 
It is controlled 
by RCE. 
The 
register 
is clocked 
on the 
trailing 
edge 
of ROC. 
The 
data 
format 
is sign bit first, 
inverted 
offset 
binary 
code. 
CCI 
- 
Convert 
Clock 
Input. 
CCI controls 
the 
conver- 
sion 
sequence. 
A 128 
kHz clock 
will produce 
64K-bits/s 
full duplex 
operation 
and a 256K-bits/s 
clock 
will produce 
64K-bit 
operation 
f-or 
two 
channels. 
Sixteen 
clocks 


represent 
one chip cycle 
from 
MSI to MSI. 


VDD 
- 
Most 
Positive 
Supply. 
VDD 
is typically 
12 V 
with 
an operation 
range of 10 V to 16 V. All logic outputs 
swing the full supply 
voltage. 


~ I-~----- 
""""'s:~ 
Leading 
Edge 
Trigger 


Typical 


Time 
Slot 


Assignment 


f4-- 
Time"Slot 
17 ----l 
__ 
I 
L __ 


: 
New Word 


_ 
- 
- 
Repeated 
- 


I 


: 
1 0 
1 
1 0 0 
1 0 


ROD 
~ 
~:E.~~o:n~ 
~o.:'A~e_'n_d_e_p_e_nd_e_n_t_o_f_c_c_'_e_nd_T_O_C 
_ 


I 


Internel 
ROC i..----LWlUlI------------------------- 
I 


I 


r MC1403 
I 


IVOD'"'10to1 


I 
\ I 
VAG 
VOO 
00- 
5-Pole 
Elliptic 
AOI 
CCI 
Low 
Pass Filter 
I 
Cil 
r -'I 
ROO 
r 
~ 


I 
CI2 
RCE 
I 
y~ 


CZl 
ROC 
~ 


CZ2 
TOe 
Rl 
MC14407TDO 


R2 
TOE 
- MulA 
MSI 
00- 
5-Pole 
Elliptic 
ADO 
POi 
Low 
Pass Filter 
COl 
"0'8- 
\ I 
I 
CO2 
VSS 


I 
MC1403 
I 


VOO~I- 
I 


5-Pole 
Elliptic 
\1 
VAG 
00- 


Low 
Pass Filter 
/1 
AOI 
CCI 


L.jf- 


Cil 
ROD 
0 


CI2 
RCE 
Yf- 


CZl 
ROC 


CZ2 
TOC 
Rl 
MC14407 
TOO 
0 


R2 
TOE 
- MulA 
MSI 
0-- 
5·Pole 
Elliptic 
ADO 
POi 
Low 
Pass Filter 
L.jf- 
COl 
'r8fh 


CO2 
VSS 
T 
1 
Vss - Digital 


8 kHz 
Frame 
Clock 


128 
kHz 
Convert 
Clock 


128 
kHz 
to 3.5 
MHz 
Data 
Clock 


One 
per 
Frame 
Channel 
Enable 


Power·Down 
Control 


22 
23 
2 
3 
21 
22 
1 


'8 
Ch8 
Ch16 
11 
18 
Ch24 


17 
Ch9 
Ch17 
9 
17 
Ch25 


20 
Chl0 
Ch18 
10 
20 
Ch26 


19 
Ch12 
Ch19 
8 
MC14514B 
19 
Ch27 


14 
Chl1 
Ch20 
14 
Ch28 


13 
Ch13 
Ch21 
13 
Ch29 


'6 
Ch14 
Ch22 
16 
Ch30 
'5 
Ch15 
Ch23 
4 
'5 
Ch31 


128 
kHz 
2.048 
M 
8.0 kHz 
CHANNEL 
ENABLE 
OUTPUTS 


________ 
n"- 
_ 
________ 
~n'_ 
_ 


I 


128 kHz 


Data 


Enable 
2.048 
MHz 


® MOTOROLA 


The MC14408 and the MC14409 are devicesdesigned to convert 


a fo~r bit binary input code to a number of serial output 
pulses 
corresponding to the value of the input code. 
The devices can be used in telephone pulse dialing applications 


when 
combined 
with 
their 
companion 
device, 
the 
MC14419 


12·of·8 keypad·to·binary 
code converter). The devices have been 


partitioned 
to 
allow 
convenient 
addition 
of 
RAM 
memory 
and 


controls for repertoire dialing applications. 
The MC14408 and MC14409 perform identical functions with 


the exception 
of the signal output 
at the DRO (Dial Rotating 


Output). 
In the MC14408, DRO remains high during continuous 


outpulsing 
of all digits and in the MC14409 DRO is low between 


each digit pulse burst. 


• 
On·Chip Oscillator 


• 
Diode Protection on All Inputs 


• 
Dialing of Numbers Up to 16 Digits Long 
• 
Memory 
Storage (FIFO) 
and Re·Dialing Isingle pin) of 
Last 


Telephone Number 
• 
Hold Interrupt 
Control for Additional 
Interdigit Delays Isuch as 
a Wait for Intermediate Dial Tones) 


• 
Selectable Dialing Rate 110 pps or 20 pps) 
• 
Selectable Interdigit Time 1300 or 800 ms @ 10 pps; 


150 or 400 ms @20 pps) 


• 
Selectable Make·Break Ratio 161%or 67%) 


• 
Buffered 
Outputs 
Compatible 
with 
Discrete 
Transistor 
Driver 
Interface, One Low·power Schottky 
TTL 
Load or Two Low· 
power TTL Loads Over the Rated Temperature Rang.e. 


• 
Low Power Dissipation - 
IDD (operating with oscillator) 


= 470 IlA typ@ VDD = 5.0 Vdc, fOsc = 16 kHz, 
CL = 50 pF 


Strobe 3 0--- 
ST 


4 0...---- 
04 


6 0-- 
D2 


01 
eRQ 
ID~RO 


HOL 
RED 
MBR 


1 


Hold 
9 


Call Hequest 
13 


Control 
Inputs 
Re Dial 
10 


Int.,d,g,t 
T,me 
,. 


Make 
Break 
Ratto 
15 


MC14408 
MC14409 


BINARY 
TO PHONE PULSE 
CONVERTER 
SUBSYSTEM 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due to high static 


voltages 
or 
electric 
fields; 
hovvever, 
it 
is 


advised 
that 
normal 
precautions 
be 
taken 
to avoid 
application 
of any voltage 
higher 


than 
maximum 
rated voltages to this high 


impedance 
circuit. 
For 
proper 
operation 
it 


is 
recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range 
VSS 
"' 
(Vin 
or 


Vout) 
"' VOD· 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 


appropriate 
logic 
voltage 
level 
{e.g., 
either 


VSS or VOOI. 
• 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +6.0 
Vde 


Input Voltage, All 1nputs 
Vin 
-0.5 
Vde 
to 
VOO + 0.5 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature Range 
TA 
-40 to +85 
°c 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


Voo 
-400C 
25°C 
+8SoC 


Characteristic 
Symbol 
Vde 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Supply Voltage 
VOO 
- 
3.0 
6.0 
3.0 
5.0 
6.0 
3.0 
6.0 
Vde 


Output Voltage 
"0" 
Level 
Vout 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


"1" 
Level 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Noise Immunity 


(oVout";;; 0.5 Vdc) 
VNL 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 
Vde 
(.o.Vout";;;0.5 Vdc) 
VNH 
5.0 
1.4 
- 
1.5 
2.25 
- 
1.5 
- 
Vde 


Output Drive Current 
IOH 
mAdc 


(VOH = 2.5 Vde) 
Source 
5.0 
-1.0 
- 
-0.80 
-1.7 
- 
-0.60 
- 


(VOH = 4.6 Vde) 
5.0 
-0.20 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOL = 0.4 Vde) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 


Input Current 
lin 
6.0 
- 
- 
- 
,0.00001 
,0.30 
- 
1.0 
JJ.Adc 


Input Capacitance 
Cin 
- 
- 
12 
- 
5.0 
12 
- 
12 
pF 


(Vin = 01 


Operating Supply Current 
100 
3 
- 
250 
- 
160 
200 
- 
200 
,uAdc 


'ei = 16 kHz 
(operating 
5 
- 
700 
- 
470 
550 
- 
550 
with 
6 
- 
1250 
- 
740 
1000 
- 
1000 
Oscl 


01.02.03, 
~ 
I 


voo 


I 


voo 


Voo 


(Power) 
Vss 
Vss 
or 04 
f----j th 
I- 
-I tpc 
VOO 
n 
I 
I 


VOO 


eRQ 


ST 


~tWH 


VSS 
VSS 


If 
power 
is turned 
off 
after 
each call, 
CRQ 
must 
stay 
high 
after 
power 
is applied 
(for 
a duration 
of 
tpC> 
to 
ensure 
no 
spurious 


outpulsing. 
For this use the redial function 
is invalid. 


Characteristic 
Symbol 
Voo 
Min 
Typ 
Max 
Unit 


Output Rise Time·· 
tTLH 
5.0 
- 
180 
400 
ns 
tTLH 
= (3.0 ns/pFI CL + 30 ns 


Output Fall Time·· 
tTHL 
5.0 
- 
100 
200 
ns 
tTHL 
= 11.5 ns/pFI CL + 25 ns 


Power Up to Call Request Pause 
tpc 
3 t06 
48/fcl* 
- 
- 
ms 


Call Request to First Strobe Pulse 
tc5 
3 to 6 
48/1e1" 
- 
- 
ms 


Strobe to Strobe Separation Time 
t55 
3 to 6 
48/1cl" 
- 
ms 


Strobe PulseWidth 
twH 
3 to 6 
1.0 
- 
- 
ps 


Strobe to Data Hold Time 
th 
3 to 5 
- 
150 
400 
ns 


Clock Frequency 
lei 
3 to 6 
12.5 
16 
100 
kHz 


Percent Break to Make Ratio 
%MB 
3 to 6 
% 


(MBR = 01 
- 
61 
- 


(MBR = 11 
- 
67 
- 


Outpulsing Rate (fOPL 
C *tcI/1.6) 
10PL 
3 to 6 
pps 
tel = 16 kHz 
- 
10 
- 


tel = 32 kHz 
- 
20 
- 


Interdigit Time 
tlo 
3 to 6 
ms 
tlo 
= 15x lOT + 31/10PL 
lOT = 0 
fOPL = 10 pps 
- 
300 
- 


fOPL = 20 pps 
- 
150 
- 


lOT = 1 
fOPL = 10 pps 
- 
800 
- 


fOPL = 20 pps 
- 
400 
- 


Strobe to Output Time 
t50I 
3 to 6 
ms 
Initial Outpulsing Stream 
lOT = 0 


fOPL = 10 pps 
300 
- 
400 
10PL = 20 pps 
150 
- 
200 


lOT = 1 


fOPL = 10 pps 
800 
- 
900 
fOPL = 20 pps 
400 
- 
450 


Continued Outpulsing Stream 
t50c 
3 to 6 
ms 


lOT = 0 or 1 


fOPL = 10 pps 
100 
- 
200 
fOPL = 20 pps 
50 
- 
100 


Hold to Outpulse Time 
tHOL 
3 to 6 
ms 


lOT,.., 0 or 1 


fOPL = 10 pps 
100 
- 
200 
fOPL = 20 pps 
50 
- 
100 


Dial Rotating Overlap Time 
toRO 
3 to 6 
ms 
fOPL = 10 pps 
- 
100 
- 


fOPL = 20 pps 
- 
50 
- • 


• 


OSCILLATOR 
(Osc, Pin 1) 


This 
pin 
is an input 
to 
the 
internal 
oscillator 
and feed- 


back 
connection 
for 
the L-C n-network. 
An 
external 
clock 


signal, 
if desired 
can be applied 
to Osc. 


CLOCK 
(Clk, 
Pin 2) 


This 
pin 
is an 
output 
from 
the 
internal 
oscillator 
and 


feedback 
connection 
for 
the L-C n-network 
and 
provides 


the 
system 
clock 
for 
the 
MC14419 
bounce 
eliminator 
circuitry. 


STROBE 
INPUT 
(ST, Pin 3) 


This 
Strobe 
input, 
when 
high 
(ST 
= 
VOOI, 
signifies 


that 
the 
data 
at 
the 
01, 
02, 
03, 
and 
04 
inputs 
is valid, 


and 
enters 
the 
4-bit 
number 
into 
the 
internal 
FIFO 


(First-In, 
First-Out) 
memory 
for 
subsequent 
outpulsing. 


The 
first 
strobe 
pulse 
after 
a 
call 
is 
requested 
(CRG 


= 
low) 
clears 
the 
memory 
of 
any 
previous 
number 
and 
enters 
the 
first 
digit 
of 
the 
new 
number. 
Successive 


strobe 
pulses 
will 
store 
up to 
a maximum 
of 
16 digits 
in 


the 
internal 
FIFO 
memory, 
which 
ignores 
all 
digits 


entered 
in 
excess 
of 
that 
amount 
until 
a 
new 
call 
is 


requested. 


DATA 
INPUTS 
(04, 
03, 
02, 
01, 
Pins 4, 5, 6, 7) 


These 
pins are the Data inputs 
to the internal 
memory. 


A 
binary 
coded 
digit 
number 
entered ~II 
result 
in 
an 


equivalent 
number 
of 
pulses 
at 
the 
OPL 
(outpulsingl 


output, 
except 
for 
the 
code 
0000, 
which 
will 
outpulse 


10 pulses. 


NEGATIVE 
POWER 
SUPPLY 
(VSS, 
Pin 8) 


This 
pin 
is 
the 
negative 
power 
supply 
connection. 


Normally 
this 
pin 
is system 
ground. 


HOLD 
(HOL, 
Pin 9) 


When 
taken 
low 
(HOL 
= VSSI, 
the 
Hold 
input 
disables 


the 
outpulsing 
at 
the 
completion 
of 
the 
digit 
being 
out- 


pulsed. 
When 
taken 
high, 
outpulsing 
reS~'Tles. This 
feature 


can 
be 
used 
in 
multi-dial-tone 
phone 
systems 
to 
provide 
longer interdigit 
pauseswhen necessary. 


RE-OIAL 
(RED, 
Pin 
10) 


The 
Re-Oial 
input. 
when 
taken 
low 
(REO 
= 
VSS) 


automatically 
outpulses 
the 
digits 
entered 
into 
memory 
after 
the last time a call was requested. 


OUTPULSING 
(OPL, 
Pin 
11) 


The 
Outpulsing 
output 
sends 
out 
bursts 
of 
pulses 


equivalent 
to 
the 
digits 
of the telephone 
number 
stored 
in 


the 
memory. 
The 
duty 
cycle 
and 
interdigit 
time 
of 
the 


digit 
pulse 
bursts 
are controlled, 
respectively 
by the 
MBR 


(Pin 
15) and 
lOT 
(Pin 
14). 


DIAL 
ROTATING 
OUTPUT 
(ORO, 
Pin 
12) 


The 
Oial 
Rotating 
(also 
known 
as 
"Off 
Normal") 


Output 
provides 
a signal 
which 
indicates 
that 
digit 
pulse 


bursts 
are 
being 
sent. 
In 
the 
MC14409, 
ORO 
goes 
high 


(VOOI 
at 
the 
beginning 
of 
the 
first 
digit 
pulse 
burst 
and 


goes 
low 
(VSSI 
between 
succeeding 
consecutive. 
digit 


pulse 
bursts. 
In the MC1440B, 
however, 
ORO 
goes high 
at 


the 
beginning 
of 
the 
first 
digit 
pulse 
burst 
and 
remains 


high 
until 
the 
last 
digit 
pulse 
burst 
of 
the 
telephone 


number 
has been sent (see Timing 
Diagram, 
Figure 
3). 


CALL 
REQUEST 
(CRQ, 
Pin 
13) 


The 
Call 
Request 
input 
when 
taken 
low 
(CRG 
= VSSI 


resets internal 
counters 
and 
prepares 
the 
internal 
logic 
to 
either 
accept 
new 
digit 
inputs 
to 
be dialed, 
or to 
re·dial 


(see 
REO, 
Pin 
101 
the 
digits 
stored 
in 
the 
memory. 


INTEROIGIT 
TIME 
(lOT, 
Pin 14) 


The 
Interdigit 
Timing 
input 
determines 
the 
length 
of 


time 
between 
consecutive 
digit 
pulse 
bursts. 
See 
the 


Interdigit 
Time 
(tlD) 
in 
the 
switching 
characteristics 
for 


the 
length 
of time. 


MAKE-BREAK 
RATIO 
(MBR, 
Pin 15) 


The 
Make-to-Break 
Ratio 
input 
controls 
the duty 
cycle 


of 
the 
digit 
pulse 
bursts 
at 
the 
OPL 
output. 
For 
MBR 


= VOD, 
duty 
cycle 
= 67% 
low, 
33% 
high, 
and 
for 
MBR 


= VSS, 
duty 
cycle = 61% 
low, 
39% 
high. 


POSITIVE 
POWER 
SUPPLY 
(VOO, 
Pin 
16) 


This 
pin 
is the 
package 
positive 
power 
supply 
pin. 


I- 
" t" 
"' 
~_t:S 
1 
'_5_5 
_ 


5T 
--" 
1st (31- 


----I 
I.. 
I.. 
ORO 
. 
-----1---------- -1---1-------- 


OPL---r------I_-........+-'--5~~R.....-oJ--'~· 
''0 
"0"'UU-~'-ORO -- 


%MB= 100-- 
8+M 


ST 
~_4_th_(1_) 
_ 
HOL 
I 
I 


ORO-..-J 
I 
-t----- 
uu 


------- 
n-----l--II 
_ 


0"'~CJ.' 
..' 
j ~-tH'O-L' .•...•.......----- 


HOL__ l---- 
ORO 
----------r----l~ 
_ 


I 
I 
I LJl.J1JlJ1JlJ 
I 
U I 


~ 
~t50C 


(-I 1st. 
2nd, 
3rd. 
etc., 
denotes 
Strobe 
pulse 
sequence 
- 
Le., which 
digit 
in 
the phone 
number 
is being dialed. 
The 
number 
in parentheses 
de- 


notes 
the 
numerical 
value 
of 
the digit 
being dialed. 
The 
8ll:amples 
define 
the 
various 
voltage 
- 
level 
and 
timing 
requirements. 
not 
a 
complete 
phone 
number. 


(··)For 
the 
MC14408 
the 
ORO signal will 
femain 
high provided 
digits 


remain in the memory, 
or a digit for continuing 
outpulsing 
is strobed 
in 
before 
the 
anticipated 
falling 
edge 
of 
the 
most 
significant 
digit 
in 


the 
memory. 
(Le., 
(200 
% 
MBI 
ms 
after 
the 
most 
significant 
out- 


pulsing 
edge). 


(···)For 
the 
HOl 
signal 
to 
hold 
a next 
digit 
(e.g. 
the 
4th, 
etc.,> 
the 
HOl 


failing 
edge 
must 
not 
appear 
after 
[tIO-%MB 
+ 
100] 
ms 
the 
last 


outpulsing 
edge 
of the 
previous 
digit. 


To Pin 1 
To Pin 2 


~:J;: C 2 
:J;: C 1 
- 
- 


7.118 
fcl = ..J~ 
where 
fel in kHz. 
L in mH, 


C = C 1 = C2 in ~F 


%fel 
= -0.5 
(%C + %L) 
±3.0 where 
%fcl, 
%C, %L are 
the frequency 
capacitor. 
and 


inductor 
tolerances 
in 
per· 


cent. 
The 
±3.0% 
accounts 
for 
supply 
voltage 
and 
am- 


bient 
temperature 
variations. 


OUTPULSING 
RATE 
L 
%L 
C=Cl=C2 
%C 
fcj 
%lcI 
IOPL 
= Icl/l.6 


5.0 mH 
±5.0 
0.04 ~F 
±5.0 
"'=16 kHz 
±8.0 
::e10 pps 


5.0 mH 
±5.0 
0.01 J,lF 
±5.0 
"'=32 kHz 
±8.0 
::e20 pps 


INPUTS 
OUTPUTS 
= 
04030201 
ST 
~ 
HOC 
lOT 
MSR 
0l'I 
DROt 
, 
x 
x 
x 
x 
x 
x 
x 
x 
x 
0 
0 
0 
x 
x 
x 
x 
0 
, 
, 
x 
X 
1 (Sleldv 
5t"el 
o (Steadv 
St"el 


0 
~..LX 
JL 
, 
, 
x 
X 
Number 
of pulses 
("U1 01 ntn 
1 
During 
OlJtpuh,ng 


nln 
Digit 
dIgit 
blnarv 
comb,n.tlon 
01 
0 
OtnerwlM! 
0' 
03.02,01 


0 
X 
X 
X 
X 
0 
L..J 
, 
X 
X 
D,g,u 
of 
number 
In mamorv 
, 
Du,,~ 
olJtPulSl~ 
resenl 
0 
DttlerwoW! 


0 
X 
X 
X 
X 
X 
, 
0 
X 
X 
lAfter 
COnclUSIon 
of 
o l Aher 
conclUSIon 
01 d,glt 


1 
digit 
be,ng 
oUlpuhed. 
being 
outplJlsed 


X 
X 
X 
X 
X 
X 
X 
X 
0 
X 
300 
ml 
Inle.dlgll 
lIma f 


'" 


16 
kHI 
, 
BOO ml 
Interd'1I'1 
lIma 


X 
X 
X 
X 
X 
X 
X 
X 
X 
0 
61% 
1.1 
6 
I) Mak. 
Br •• k Rat,o 
, 
67% 
1.2 
11 
Make·Br 
•• k RatIo 


x - 
Don't 
e.r. 


With 
Ih. 
exceptIon 
of 


0000 
whIch 
will 
gIve 
10 pulses 


, 
Rafer 
to 
tImIng 
doagram 
Figure 
3 


Keyboard 
buttons 
pressed • 


(previous 
number 
cleared). 


Dial tone stops with 
1st digit, 
but receiver connects 
to line 
after each digit 
sent. t 


Error. 


Data entry 
error 
recognized 
by 
person dialing. 


{ 


1 
~I~:;' 


2 


3 


4 
From 
Keypad 


l Column 
{ 


Inputs 


14 
ST 
ST 
13 
4 
04 
04 
12 
03 
03 
11 
02 
02 


10 
01 
01 
---- 
_J 
I 
I 
MC1440S/409 
I 
Control 
Inputs 


I 
I 


Hold 
9 


Call Aequest 
13 


Ae-oial 
10 


Interdlgit 
Time 
14 


Make-Break 
Ratio 
15 


Re-dial button 
pressed 
• 


(previous 
number 
held). 


Dial tone stops with 
1st digit, 


but receiver connects 
to line 
after each digit 
sent. t 


•• Between 
each digit 


pulsetraln, 
MC1440B 
ORO stays high, 
MC14409 
ORO goel 
low. 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are incuded 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
Information 
has been carefully 
checked 
and 


is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibilIty 
is 
assumed for 
inaccuracies. 
Furthermore, 
such Information 
does not 
convey 
to the purchaser 
of the semiconductor 
devices described 
any 


license under the patent 
rights of Motorola 
Inc. or others. 


To 
Phone 
Lines. 


To 
Phone 
Lines 


0.04 
JJF 


VSS 0--1 


@ MOTOROLA 


The MC14410 2-of-8 tone encoder is constructed with comple- 


mentary 
MOS enhancement mode devices. 
It is designed to accept 
digital inputs in a 2·of-8 code format and to digitally synthesize the 
high and low band sine waves specified by telephone tone dialing 
systems. 
The inputs are normally 
originated 
from a 4 x 4 matrix 


keypad, 
which 
generates 
4 
row 
and 
4 
column 
input 
signals 
in 
a 
2-of-8 code format (1 row and 1column are simultaneously connected 
to VSSI. 
The master clocking for the MC14410 is achieved from a 


crystal controlled 
oscillator which is included on the chip. 
Internal 
clocks, which operate the logic, are enabled only 
by one or more 


row 
and 
column 
signals 
being 
activated 
simultaneously. 
The 
two 
sine wave outputs 
have NPN bipolar structures 
on the same substrate 


which 
allows 
for 
low 
output 
impedance 
and 
large 
source 
currents. 


Applications 
of 
this 
device 
include 
telephone 
tone 
dialing, 
radio 
and 


mobile 
telephones, 
process 
control, 
point·of-sale 
terminals. 
and 


credit 
card 
verification 
terminals. 


• 
Diode Protection on All Inputs 


• 
Noise Immunity 
= 45% of VDD Typical 


• 
Supply Voltage Range= 4.4 Vdc to 6.0 Vdc 


• 
On-Chip Oscillator (Crystal or External Clock Source may be 


applied to Pin 1D) 


• 
On-Chip Pull-Up ReSIStorson Rowand Column Inputs 


• 
Designed with 
Multiple 
Key Lockout 
(Eliminates 
Need for Me- 
chanical Lockout in Keypad) 


• 
Two Sine Wave Generators On-Chip 


• 
Frequency 
Accuracy 
±O.2% 


• 
Low 
Harmonic 
Distortion 


• 
Single Tone Capability 


• 
Fast Oscillator Turn-On and Turn·Off Times 


{ 


J 


Row 
4 


Inputs 
: 


{ 


'O 


Oscil18tar 


connections 
9 


{ 


" 
Column 
13 


Inputs 
12 


11 


MC14410 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
648 


This 
device contains 
circuitry 
to protect 


the 
inputs 
against 
damage 
due 
to 
high 


static voltages or electric 
fields; however, 


it is advised that normal precautions be 
taken to avoid application of any voltage 
higher 
than 
maximum 
rated 
voltages to 


this high-impedance circuit. 
A destruc- 


tive high-current 
mode may occur 
if 
Vin 
and "out 
are not constrained 
to the range 


Vss (Vin or Vou') 
•• VOO· 


Due 
to 
the 
sourcing 
capability 
of 
this 
circuit. 
damage can occur to the device 
jf 


VOO is applied, and the outputs are shorted 
to Vss and are at a peak sinewave voltage. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
Vaa 
-0.5 to +6.0 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
VSS -0.5 
Vdc 


to 
Vaa 
+ 0.5 


DC 
Current 
Dram 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
TA 
-40 to +85 
°c 


Storage 
Temperature 
Range 
T stg 
-65 
to +' 50 
°c 


II 


Vaa 
-40oC 
250C 
+8SoC 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Supply 
Voltage 
Vaa 
- 
4.4 
6.0 
44 
5.0 
6.0 
4.4 
6.0 
Vdc 


Output 
Voltage 
"0" Level 
Vout 
5.0 
- 
0.05 
0 
0.05 
0.05 
Vdc 


Pins 7 and 
9 


"'" 
Level 
5.0 
4.95 
4.95 
5.0 
4.95 
- 
Vdc 


Input 
Voltage 
- 
- 
(Va" 
4.5 or 0.5 Vdc) 
"0" 
Level 
VIL 
5.0 
1.5 
- 
2.25 
1.5 
1.5 
Vdc 


(Va: 
0.5 or 4.5 Vdc) 
"'" 
Level 
VIH 
5.0 
3.5 
- 
3.5 
2.75 
3.5 
Vdc 


Output 
Drive 
Current 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 


Pin 
7 
5.0 
-0.05 
-0.05 
-0.4 
-0.04 


Pin 9 
-0.23 
- 
-0.20 
-1.7 
-0.16 


(VOL 
= 04 Vdcl 
Sink 
IOL 
mAdc 


Pin 
7 
5.0 
0.05 
0.05 
0.20 
- 
0.04 


Pin 9 
0.23 
0.20 
078 
- 
0.16 


Input 
Pull-Up 
Resistor 
Source 
Current 
IlL 
6.0 
- 
140 
- 
30 
100 
80 
/JAdc 


(Vin 
= 0 Vdcl 
Pins 3-6. 
"-14 


Input 
Capacitance 
Cin 
- 
- 
5.0 
- 
pF 


{Vin 
= 0 Vdcl 


Quiescent 
Current 
IQ 
mAdc 


4.4 
- 
0.48 
0.2 
0.4 
033 


6.0 
, .3 
- 
0.55 
1.1 
0.9 


Total 
Supply 
Current 
IT 
mAdc 


(Dynamic 
plus 
Quiescent) 
4.4 
1.7 
0.7 
14 
1.15 


IRL 
= 15kn,f 
= 1 MHz) 
6.0 
- 
3.5 
1.45 
2.9 
2.4 


Low 
Band 
Ou tpu t 
VLpp 
mVpp 


Vol tage SWI ng 
Pin 2 Only 
4.4 
400 
600 
500 
600 
700 
550 
750 
6.0 
800 
1000 
900 
1000 
1100 
950 
1150 


High 
Band 
Output 
VHpp 
mVpp 


Voltage 
Swing 
Pin 
'5 
Only 
4.4 
600 
900 
700 
850 
1000 
800 
1100 
6.0 
1100 
1400 
1200 
1350 
1500 
1300 
1600 


Low 
Band-High 
Band 
t;.V 
5.0 
- 
2.5 
- 
- 
- 
dB 


Voltage 
Differential 


Low 
Band-High 
Band 
Pin 2.15 
zo 
- 
- 
- 
- 
80 
- 
- 
- 
n 


Output 
Impedance 


Low 
Band-High 
Band 
Pin 2.15 
V2WV14H 
4.4 
- 
-20 
- 
-30 
-25 
- 
-25 
dB 


2nd 
thru 
14th 
Harmonics 
to 
(RL"15knl 
6.0 


Maximum 
Clock 
Pulse 
Frequency 
lei 
4.4 
- 
- 
- 
1.0 
- 
1.1 
- 
MHz 


Turn-on 
Time 
ton 
5.0 
- 
- 
- 
8.0 
- 
- 
- 
ms 


(Power 
on to oscillation) 


ACTIVE 
LOW INPUTS 
OUTPUTS 


Activated 
Activated 
Low Band 
High Band 


Row Lines 
Column 
Lines 
Pin 2 
Pin 15 


None 
X" 
de level 
de level 


X" 
None 
de level 
de level 


One 
One 
'L' 
'H' 


Two 
or more 
One 
de level 
'H' 


One 
Two 
or more 
fL' 
de level 


Two or more 
Two or more 
de level 
de level 


Input line 
Frequency 
Generated·· 


Activated 
(low) 
fL 
IHzl 
fH 
(Hz) 


R1 
697 
- 


R2 
770 
- 


R3 
852 
- 


R4 
941 
- 


C1 
- 
1209 


C2 
- 
1336 


C3 
- 
1477 


C4 
- 
1633 


m" 
~ 
-40 


~ 


540n 
typ 


7.0 
pF typ 


_40°C 
to +850C 


1 mW 


TS-330/TSM 
or Equivalent 


I:~ 
: I 
: Tel~~;:". 


IConneCllonl 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as 8 means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibility 
is 
assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 


convey 
to 
the purchaser 
of the semiconductor 
devices described 
any 
license under 
the patent 
rights 
of Motorola 
Inc. or others. 


@ MOTOROLA 


The 
MC14411 
bit 
rate generator is constructed 
with 
comple· 


mentary 
MOS 
enhancement 
mode 
devices. 
It 
utilizes 
a frequency 


divider 
network 
to provide 
a wide 
range 
of output 
frequencies. 


A crystal controlled 
oscillator is the clock source for the network. 


A two-bit 
address 
is provided 
to 
select 
one 
of 
four 
multiple 
output 


clock rates. 


Applications 
include 
a selectable 
frequency 
source 
for 
equipment 


in 
the 
data 
communications 
market, 
such 
as teleprinters, 
printers, 


CRT 
terminals, 
and 
microprocessor 
systems. 
• 
Single 5.0 \Ide I± 5%) Power Supply 


• 
Internal Oscillator Crystal Controlled for Stability 
(1.8432 MHz) 


• 
Sixteen Different Output Clock Rates 


• 
50% Output Duty Cycle 


• 
Programmable Time Basesfor One of Four Multiple Output Rates 


• 
Buffered Outputs Compatible with Low Power TTL 


• 
Noise Immunity 
= 45% of VDD Typical 


• 
Diode ProtectIOn on All Inputs 


• 
External Clock May be Applied to Pin 21 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Range 
VDD 
5.25 to -0.5 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
VOO + 0.5 to 
Vdc 
V~~ -0.5 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
TA 
-40 
to +85 
°c 


Storage 
Temperature 
Range 
T 519 
-6510+150 
°c 


BLOCK 
DIAGRAM 
F 1 


17 
F2 


F3 


16 
F4 


Rate Select A 
23 
F5 
Rate Selects 
22 


15 
F6 


F7 
Xl 
Fa 
Crystalin 
21 
xa 
Rate 
F9 
X16 
Select 


Logic 
Fl0 


• Crystalout 
20 
X64 
a 
F11 


14 
F12 


Reset 
10 
13 
F13 


F14 


MC14411 


~ 


LSUFFIX 


CERAMiC 
PACKAGE 
CASE 
623 


24 


1 


PSUFFIX 
~ 
PLASTIC 
PACKAGE 


CASE 
709 
24 


1 


• 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to high 
static 


voltages 
or 
electric 
fields; 
hovvever. 
it 
is 


advised 
that 
normal 
precautions 
be 
taken 


to 
avoid 
application 
of 
any 
voltage 
higher 


than 
maximum 
rated 
voltages 
to 
this 
high 


impedance 
circuit. 
For 
proper 
operation 
it 


is 
recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range 
VSS 
~ 
lVin 
or 


Voutl 
:;;;;VOO· 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 


appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS 0' VDDI 


Voo 
-40 
C 
25"C 
+850C 


Characteristic 
Symbol 
Vde 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Supply Voltage 
VOD 
- 
4.75 
5.25 
4.75 
5.0 
5.25 
4.75 
5.25 
Vdc 


Output Voltage 
"0" Level 
Vout 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


"'" 
Level 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Input Voltage 
Vde 


(VO = 4.5 or 0.5 Vdcl 
VIL 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO = 0.5 or 4.5 Vdcl 
VIH 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


Uutput 
Drive 
Current 
OH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-0.23 
- 
-0.20 
-1.7 
- 
-0.16 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.23 
0.20 
0.78 
- 
0.16 
- 
mAde 


nput 
t,;urrent 
lin 
±O.l 
'0.00001 
'0.1 
'1.0 
JJ.Adc 


Input Cap~itance 
Gin 
5.0 
PF 


(Vin = Q) 


UUlescent 
UISslpatlon 
Q 
5.0 
>., 
0.015 
>.5 
" 
riW 


ower Dissipation-" 
t 
D 
5.0 
0 
7.5 mWIMHz 
+ PQ 
mW 


I Dynamic 
plus Quiescent) 
ICL=15pF) 


Output Rise Time·· 
tTLH 
5.0 
- 
- 
- 
ro 
200 
- 
- 
ns 


tTLH =13.0 nslpFI CL + 25 ns 


uutput 
all 
lme 
THL 
'.0 
/0 
>00 
ns 


tTHL 
=11.5 nslpFI CL + 47 ns 


I nput 
Clock 
Frequency 
CL 
5.0 
1.85 
1.85 
1.85 
MHz 


t For diSsipation at different 
external 
load capacitance 
(eL) 
refer to correspondmg formula: 


PTICL) = PD + 2.6 x 10-3 ICL - 15 pF) VDD2t 


where: PT. Po in mW, CL in pF. Vao 
in Vdc. and f in MHz . 


•.-The formula given is for the typical characteristics only. 


Rate Select 
Rate 


8 
A 


0 
0 
Xl 


0 
1 
X8 


1 
0 
X16 


1 
1 
X64 


Output 
Output 
Rates 
(Hz) 


Number 
X64 
X16 
X8 
Xl 


Fl 
614.4 k 
153.6 k 
76.8 k 
9600 


F2 
460.8 k 
115.2 k 
57.6 k 
7200 
F3 
307.2 k 
76.8 k 
38.4 k 
4800 
F4 
230.4 k 
57.6 k 
28.8 k 
3600 
F5 
153.6 k 
38.4 k 
19.2 k 
2400 


F6 
115.2 k 
28.8 k 
14.4 k 
1800 


F7 
76.8 k 
19.2 k 
9600 
1200 


F8 
38.4 k 
9600 
4800 
600 


F9 
19.2 k 
4800 
2400 
300 


Fl0 
12.8 k 
3200 
1600 
200 


Fl1 
9600 
2400 
1200 
150 


F12 
8613.2 
2153.3 
1076.6 
134.5 


F13 
7035.5 
1758.8 
879.4 
109.9 


F14 
4800 
1200 
600 
75 


F15 
921.6 k 
921.6 k 
921.6 k 
921.6 k 


F16' 
1.843M 
1.843M 
1.843M 
1.843M 


20 os 
20 ns 
-l t%· -j-~ 
VOO 


Input~VSS 


~ 


o% 
VOH 


10% 


Output 
J 
VOL 


tTLH 
tTHL 


Rt 
=' 15 MU:tl0% 


CRYSTAL 
SPECIFICATION 
Crystal 
Mode 
--- 


Frequency 
AS 


Co 
Temperature 
Range 
Test 
Level 


Test 
Set 


·Suggested 
Crystal 
Suppliers: 


Tyeo 
CTS Knights 


Motorola 
Crystal 
Products 


Circuit 
diagrams utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 


complete 
information 
sufficient 
for 
construction 
purposes is not 
necessarily 
given. The 
information 
has been carefully 
checked and 


Parallel 
1.8432 
MHz 
!_O.05% 
@ 13 pF 
540 
H mal( 
7.0 pF mal( 
o to 70De 
1 mW 
TS - 
330/TSM 
or Equivalent 


is 
believed 
to 
be entirely 
reliable. 
However. 
no 
responsibility 
is 
assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey 
to the purchaser of the semiconductor 
devices described any 
license under the patent rights of Motorola 
Inc. or others. 


® MOTOROLA 


The MC14412contains a complete FSK (Frequency·Shift Keying) 


modulator and demodulator compatible with both foreign IC.C.I.T.T. 
standards) and U.S.A. low speed (0 to 600 
(bps) communication 


networks. 
• 
On Chip Crystal Oscillator 
• 
Echo Suppressor Disable Tone Generator 
• 
Originate 
and Answer 
Modes 


• 
Simplex, Half·Duplex, and Full Duplex Operation 


• 
On Chip Sine Wave Generator 
• 
Modem Self Test Mode 


• 
Single Supply: 
VDD = 4.75 to 15 Vdc MC14412FP, MC14412FL 
VDD = 4.75 to 6.0 Vdc MC14412VP, MC14412VL 
• 
Selectable Data Rates: 0·200, 0·300, 0·600 bps 


• 
Post Detection Filter 
• 
TTL or CMOS Compatible Inputs and Outputs 


TYPICAL 
APPLICATIONS: 


• 
Stand Alone Low·Speed Modems 


;, 
Built·ln 
Low Speed Modems 


• 
Remote Terminals, Acoustical Couplers 


• 
Credit 
Verification 


• 
Point of Sale 


• 
Remote Data Collection 


• 
Remote 
Process 
Control 


• 
Radio 
Data 
Transmission 


II 


Transmit 
12 
Enable 


Transmit 
11 
Data 


Mode 
10 


Type 
14 


Echo 
13 


TTL 
Pull Up 
15 
Disable 


MC14412 


UNIVERSAL 
LOW SPEED 
(0-600 bps) 
MODEM 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 690 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 648 


""••n 1tSUf/,X 
Denote, 


L 
Ceramic 
Package 


P 
Plastic 
Package 


F 
4.75 
to 15Vdc 


V 
4 75 to 6 0 Vdc 


Rating 
Symbol 
Value 
Unit 


ac 
Supply 
Voltages 
MC14412FP 
Vaa 
-0.5 to 15 
Vdc 


MC14412VP 
-0.5 to 6.0 


Input Voltages. All Inputs 
Vin 
VOO+0.5to 
Vdc 


VSS -0.5 


DC Current Drain per Pin 
I 
10 
mAde 


(except Pin 8. 7) 


DC Current Drain (Pin 8. 7) 
I 
35 
mAdc 


Operating Temperature Range 
TA 
-40 to +85 
°c 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


ThIS devIce contaIns cirCUItry 
to 
protect 
the inputs agaInst damage due to high static 
voltages or 
electriC fields; 
ho~ver, 
it 
IS 
adVised that normal 
precautions be taken 
to avoid application of any voltage higher 
than maxImum 
rated voltages to thiS high 
Impedance CirCUli For proper operation 
it 
IS recommended 
that 
V In 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
•..• (Vln 
or 


Vout) '" VOO' 
Unused inputs must always be t led to an 
appropriate 
logiC voltage level (e.g., either 
VSS 0' Vaal 


Vaa-- 
-40°C 
+240C 
+850C 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage- 
"0" Level 
VIL 
Vdc 


(VO = 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.50,1.5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 
Vdc 
(VO = 0.5 0' 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5o, 
13.5Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Pins 12.15 
5 to 15 
0.75 
- 
0.8 
2.0 
- 
0.85 
- 


Output Orive Current 
IOH 
mAdc 
(VOH = 2.51 
(P;n 71 
5 
-0.62 
- 
-0.5 
-1.5 
- 
-0.35 
- 


(VOH = 9.51 
10 
-0.62 
- 
-0.5 
-1.0 
- 
-0.35 
- 


(VOH = 13.51 
15 
-1.8 
- 
-1.5 
-3.6 
- 
-1.1 
- 


(VOL = 0.41 
IOL 
4.75 
2.3 
- 
2.0 
4.0 
- 
1.6 
- 
mAdc 
(VOL = 0.51 
10 
5.3 
- 
4.5 
10 
- 
3.6 
- 


(VOL = 1.51 
15 
15 
- 
13 
35 
- 
10 
- 


Input Current (Pin 15 = VOO) 
lin 
- 
- 
- 
- 
'0.00001 
;0.1 
- 
- 
J,JAdc 


Input Pull-Up Resistor Source Current 
Ip 
5 
285 
- 
250 
460 
- 
205 
- 
J,JAdc 


(Pin 15 = VSS. Vin = 2.4 VdC> 
P;ns 1,2,5,6,10,11,12,13,14 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
- 
- 
- 
pF 


Total SupplV Current 
IT 
5 
- 
4.5 
- 
1.1 
4.0 
- 
3.5 
mAdc 


(P;n 15 = Vaal 
10 
- 
13 
- 
4.0 
12 
- 
11 
15 
- 
27 
- 
8.0 
25 
- 
23 


Modulator/Demodulator 
Frequency 
ACC 
5 to 15 
- 
- 
- 
0.5 
- 
- 
- 
% 


Accuracy 
(Excluding Crystal) 


Transmit Carrier Output 
V2H 
5tol0 
- 
- 
-20 
-26 
- 
- 
- 
dB 
2nd Harmonic 
10 to 15 
- 
- 
-25 
-32 
- 
- 
- 


Transmit Carrier Output 
Vout 
5 
- 
- 
0.2 
0.30 
- 
- 
- 
VRMS 
Voltage 
(R L = 100 kl11 
10 
- 
- 
0.5 
0.85 
- 
- 
- 


(Pin 91 
15 
- 
- 
1.0 
1.5 
- 
- 
- 


Receive Carrier Rise and 
tTLH, 
5 
- 
15 
- 
- 
15 
- 
15 
ns 


Fall Times (Pin 1) 
ITHL 
10 
- 
5.0 
- 
- 
5.0 
- 
5.0 


15 
- 
4.0 
- 
- 
4.0 
- 
4.0 


-DC Noise Immunity 
(VIL. 
VIHI 
is defined as the maximum voltage change from an ideal "0" 
or "1" input level, that the curcuit will withstand before accepting an erroneous input. 


-·Note: 
Only 5-Volt specifications apply to MC14412VP 
devices. 


PIN ASSIGNMENT 


Ax Car 
VOO 
16 


ST 
TTLD 
'S 


Oscout 
Type 
'4 


4 
Oscin 
Echo 
'3 


Reset 


Tx 
12 
Enable 


Rx Rate 
Tx 
11 
Data 
Rx 
Data 
Mode 
'0 
8 
VSS 
T:JC Car 
9 


Since the modulator 
and demodulator 
sections of the MC14412 
- AN-731, 
are functionally 
equivalent to those of the MC6860. additional 
AN-747, 


application information can be obtained from the following 
Motorola publications: 
EB-49, 


Bandpass 
Filter 
and Limiter· 


Low-speed 
Modem 
Fundamentals 


Low-speed 
Modem 
System 
Design 


Using the MC6860 
Application 
Performance of 
the 


MC6860 MODEM. 


Active 
Filter 
Manufacturers 
CEAMETEK. 
Mountain 
View, Cal. 


FREQUENCY 
DEVICES, 
Haverhill, 
Mass. 


SPRAGUE ELECTRIC. 
Nashua. N.H. 


Crystal 
Mode 
- 
Parallel 
Frequency 
- 
, MHz 
:t 0.1% 


AS'" 
540 n tvp 


Co 
'" 7 pF 
tYP 


Temperature 
Range 
_40°C 
to +8SoC 


Test 
Level 
- 
1 mW 


Suggested 
Crystal 
Suppliers 


Tyco, 
CTS 
Knight 
and 


Motorola 
Crystal 
Products. 


RF 
3 


11 
Oscin 
SCout 


'2 
Tx 
Data 
9 
Tx 
E 
Tx 
Car 
'3 
Echo 


- - --- 
'0 
Mode 
'4 
Type 


15 


TTLD 


ST-------- 


6 


Rx 
Data 
Rx 
Car 
Rx 
Data 
Rate 


5 
Reset 


To 


Data 
Terminal 


Equipment 


To 
Telephone 
Network 


RESET (Pin 5) 


This input is provided to decreasethe test time of the 
chip. 
In normal operation, 
this input 
may be used to 
disable the demodulator 
(Reset = "1 ") 
- 
otherwise it 
should be tied low = "0". 


CRYSTAL (OSCin,OSCout,Pin 4, Pin 3, respectively) 


A 
1.0 MHz crystal is required to utilize the on chip 


oscillator. 
A 
1.0 MHz square wave clock can also be 
applied to the OSCininput to satisfy the clock require- 
ment (see Figure 2). 


When utilizing 
the 1.0 MHz crystal, external parasitic 


capacitance, 
including 
crystal 
shunt 
capacitance, 
must 
be 
< 9 pF at the crystal input (pin 41. 


TTL PULL-UP DISABLE 
(TTLD, Pin 15) 


To 
improve TTL 
interface compatibility, 
all of 
the 


inputs to the MODEM have controllable P·Channeldevices 
which act as pull-up resistors when TTLD 
input is low 
("0"1. 
When the input 
is taken high ("1") 
the pull-up 


is disabled, thus reducing power dissipation when inter· 
facing with CMOS. 


• 


GENERAL 
Figure , 
shows the modem in a system application. 


The data to be transmitted 
is presented in serial format 


to 
the 
modulator 
for 
conversion 
to 
FSK 
signals 
for 
trans· 


mission 
over 
the 
telephone 
network. 
The 
modulator 
out- 


put 
is buffered/amplified 
before driving the 600 ohm 


telephone line. 


The FSK signal from the remote modem is received via 
the telephone 
line and filtered 
to 
remove extraneous 
signals such as the local Transmit Carrier. This filtering 
can be either a bandpass which passesonly the desired 


band 
of 
frequencies 
or 
a notch 
which 
rejects 
the 
known 
interfering signal. The desired signal is then limited to pre· 
serve 
the 
axis 
crossings 
and fed to the demodulator 
where 
the data is recovered from the received FSK carrier. 


INPUT/OUTPUT FUNCTIONS 


Figure 2 shows the I/O interface for the MC'44'2 
low-speed modem. The following 
is a description of each 


individual signal. 


TYPE (Pin '4) 


The Type input 
selects either the U.S. or C.C.I.T.T. 


operational 
frequencies 
for 
both 
transmitting 
and receiving 


data. When the Type input = "1 ", the U.S. standard is 
selected and when the Type input = "0", 
the C.C.I.T.T. 


standard 
is selected. 


TRANSMIT 
DATA 
(Tx Data, Pin ,,) 


Transmit 
Data 
is the 
binary 
information 
input. 
Data 


entered 
for 
transmission 
is modulated 
using 
FSK 
tech- 
niques. When operating in the U.S. standard (Type = "1") 


a logic 
"1" 
input 
level 
represents 
a Mark 
or when 
oper- 


ating in the CCITT standard (Type = "0"1 a logic "1" 


input 
level 
represents 
a Mark. 


TRANSMIT CARRIER (Tx Car, Pin 9) 


The 
Transmit 
Carrier 
is a digital-synthesized 
sine 
wave 


derived from a '.0 MHz oscillator reference. The frequency 


characteristics 
are 
as follows: 


Mode 
Tx Data 
Tx Car 


Originate "'" 
Mark 
"'" 


'270 Hz 


Originate "'" 


Space 
"0" 
, 070 Hz 


Answer 
"0" 
Mark 
"1" 
2225 Hz 


Answer 
"0" 
Space 
"0" 
2025 Hz 


Mode 
Tx Data 
Tx Car 


Channel "'" 


Mark 
"'" 


980 Hz 


NO.1 
"'" 


Space 
"0" 
1'80 Hz 


Channel 
"0" 
Mark 
"'" 


1650 Hz 


No.2 
"0" 
Space 
"0" 
1850 Hz 


Echo Suppressor 
Disable Tone 


Mode 


Chan. NO.2 "0" 


TRANSMIT ENABLE (Tx Enable, Pin '2) 


The Transmit Carrier output 
is enabled when the Tx 


Enable input = "'''. 
No output tone can be transmitted 
when Tx Enable = "0" 


MODE (Pin '0) 


The Mode input 
selects the pair of transmitting 
and 


receive 
frequencies 
used 
during 
modulation 
and 
demodu· 


lation. 
When Mode = 
''''', 
the U.S. originate 
mode is 


selected (Type input = "'''1 
or the C.C.I.T.T. Channel 


No. , (Type input 
= "0"). 
When mode = "0", 
the U.S. 


answer mode 
is selected (Type 
input 
= 
"''') 
or 
the 


C.C.I.T.T. Channel No.2 (Type input = "0"1. 


ECHO (Pin '3) 


When the Echo input = "'" 
(Type = "0", 
Mode = "0", 


Tx Data = "'''1 
the modulator will transmit a 2100 Hz 


tone 
for 
disabling 
line 
echo 
suppressors. 
During 
normal 


data 
transmission, 
this 
input 
should 
be low = "0". 


RECEIVE DATA (Rx Data, Pin 71 


The Receive Data output 
is the digital data resulting 


from 
demodulating 
the 
Receive 
Carrier. 


RECEIVE CARRIER 
(Rx Car, Pin ,) 


The Receive Carrier is the FSK input to the demodu- 


lator. This input must have either a CMOS or TTL com- 
patible logic level input 
(see TTL 
pull-up disable) at a 


duty cycle of 50% ± 4%, that is a square wave resulting 


from 
a signal 
limiter. 


RECEIVE DATA RATE (Rx Rate, Pin 6) 


The demodulator hasbeenoptimized for signal to noise 


performance at 200, 300, and 600 bps.The ReceiveCarrier 
must change frequency for more than half of the selected 
data rate period 
before the Receive Data output 
will 
change_ 


Data Rate 
Rx Rate 
Type 


0- 200 bps 
"'" 
"0" 


0- 300 bps 
..,,, 
..,.. 


0- 600 bps 
"0" 
"1" 


SELF TEST (ST, Pin 2) 


When a high level (ST = •. , •.) is placed on this input, 


the demodulator is switched to the modulator frequency. 


@ MOTOROLA 


The MC14415 quad timer/driver 
is constructed with 
comple- 


mentary MOS enhancement mode devices.The output pulse width 
of each digital timer 
is a function 
of the input clock frequency. 


Once the proper input sequenceis detected the output buffer is set 
(turned on). and after 100 clock pulses are counted, the output 
buffer is reset (turned off). 


The MC14415 was designed specifically for application in high 


speed line printers to provide the critical 
timing of the hammer 


drivers, but may be used in many applications requiring precision 
pulse widths. 


• 
Four Precision Digital Time Delays 


• 
Schmitt Trigger Clock Conditioning 


• 
NPN Bipolar Output Drivers 


• 
Timing OisableCapability Using Inhibit Output 


• 
Positive or Negative EdgeStrobing on the Inputs 


• 
Synchronous Polynomial Counters Usedfor Delay Counting 


• 
Power Supply Operating Range 


~ 3.0 Vdc to 18 Vdc (MC14415EFL/FL/FP) 


= 3.0 Vdc to 6.0 Vdc (MC14415EVLNLNP) 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
Vdc 
- 
MC14415EFLlFLlFP 
+18 to -0.5 


- MC14415EVLlVLIVP 
;£.0 
to -0.5 


Input 
Voltage. 
All 
Inputs 
Vin 
VOO +0.5 to 
Vdc 
VSS -0.5 


DC Current 
Drain per Input Pin 
lin 
10 
mAde 


DC Current 
Drain per Output 
Pin 
lout 
20 
mAde 


Operating Temperature 
Range 
TA 
°c 


- 
MC144'5EFLlEVL 
-55to+125 


- 
MC14415FLlFPIVLlVP 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Set A 
3 


Set 
B 
4 


Set 
C 
5 


Set 0 
6 


14 Output 
A 


13 Output 
B 


12 
Output 
C 


11 Output 0 


Divide-By- 


'00 
Count,en 


Strobe 
2 
9 


~7 


Input 
Disable 
10 


Output 
Set 
2 


Clock 


Conditioning 
Circuit 


MC14415 


QUAD PRECISION 
TIMER/DRIVER 
,'~,- 
CASE 
690 
1 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14415 
~~Uff;X 
Denote. 
L 
Ceramic 
Package 
P 
Plastic 
Package 
F 
• Extended 
Operating 


Voltage 
Range 
V 
• Limited 
Operating 


Voltage 
Range 
Blank· 
·Standard 
Operating 
Temperature 
Range 
E 
•• Extended 
Operating 
Temperature 
Range 


·See 
Features 
(above, 
left) 
• ·See 
Maximum 
Ratings 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
Vout 
5.0 
- 
0.01 
- 
0 
0.01 
- 
0.05 
Vdc 


INo Loadl 
10 
- 
0.01 
- 
0 
0.01 
- 
0.05 


15 
- 
- 
- 
- 
- 
- 
- 


"'" 
Level 
5.0 
- 
- 
3.0 
4.14 
- 
- 
- 
Vdc 


10 
- 
- 
8.0 
9.09 
- 
- 
- 


15 
- 
- 
- 
14.12 
- 
- 
- 


Noise Immunity 
VNL 
Vdc 


I~Vout 
<; 1.5 Vdc) 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 


IAVout <; 3.0 Vdcl 
10 
3.0 
- 
3.0 
4.50 
- 
2.9 
- 


IAVout <; 4.5 Vdcl 
15 
- 
- 
- 
6.75 
- 
- 
- 


(o.Vout" 
1.5 Vdcl 
VNH 
5.0 
1.4 
- 
1.5 
2.25 
- 
1.5 
- 
Vdc 


{o.Vout'" 
3.0 Vdcl 
10 
2.9 
- 
3.0 
4.50 
- 
3.0 
- 


(o.Vout'lt;; 
4.5 Vdcl 
15 
- 
- 
- 
6.75 
- 
- 
- 


Output 
Drive Voltage 
(NPN 
Driver) 
VOH 
Vdc 


IIOH = OmA) 
Source 
5.0 
- 
- 
3.0 
4.14 
- 
- 
- 


IIOH = 5.0 mAl 
- 
- 
2.7 
3.44 
- 
- 
- 


(I0H = 10mA 
- 
- 
2.5 
3.30 
- 
- 
- 


(I0H=15mA) 
- 
- 
2.2 
3.08 
- 
- 
- 


(I0H=OmAI 
10 
- 
- 
8.0 
9.09 
- 
- 
- 
Vdc 
(I0H = 5.0mA) 
- 
- 
7.7 
8.45 
- 
- 
- 


(I0H = 10 mAl 
- 
- 
7.5 
8.30 
- 
- 
- 


(I0H 
= 15 mAl 
- 
- 
7.1 
8.14 
- 
- 
- 


(I0H 
= OmAI 
15 
- 
- 
- 
14.12 
- 
- 
- 
Vdc 


(I0H = 5.0 mAl 
- 
- 
- 
13.81 
- 
- 
- 


(I0H 
= 10 mAl 
- 
- 
- 
13.70 
- 
- 
- 


(I0H = 15 mAl 
- 
- 
- 
13.61 
- 
- 
- 


Output 
Drive 
Current 
IOL 
mAde 
1VOL = 0.4 Vdcl 
Sink 
5.0 
0.23 
- 
0.20 
0.78 
- 
0.16 
- 


1VOL = 0.5 Vdc) 
10 
0.60 
- 
0.50 
2.0 
- 
0.40 
- 


1VOL = 1.5 Vdc) 
15 
- 
- 
- 
7.8 
- 
- 
- 


I nput 
Leakage Current 
lin 
- 
- 
- 
- 
10 
- 
- 
- 
pAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
- 
- 
- 
pF 


IV;n = 01 


Quiescent Dissipation 
Po 
mW 
5.0 
- 
0.25 
- 
0.00005 
0.25 
- 
3.5 


10 
- 
1.0 
- 
0.00022 
1.0 
- 
14 
15 
- 
- 
- 
0.00050 
- 
- 
- 


Power Dissipation·· 
Po 
mW 


(Dynamic 
plus 
Quiescent) 
ICL = 15 pFI 
5.0 
Po = 156mW/MHzI I + Po 
10 
Po = 1225mW/MHz) I + Po 
15 
Po = 1510mW/MHzI I + Po 


'Tlow= 
-55°C lor MC14415EFL, EVL; -400C lor MC14415FL,FP,VL,VP 
Th;gh= +1250C for MC144 15EFL,EVL; +850C for MC14415FL,FP,VL,VP 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; 


however, it is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum 


rated 
voltages to this high impedance 
circuit. 
For 
proper operation 
it is recommended 
that Vin and Vout 
be 


constrained to the range Vss < (Vin or Voutl < VOO' 


Unused il;,lputsmust always be tied to an appropriate 
logic voltage level (e.g., either VSS or VOOI. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
M •• 
Unit 
Vdc 


Output Rise Time- 
tTLH 
n. 


tTLH 
= 12.0 n./pFJ 
CL + 10 n. 
5.0 
40 
85 


tTLH'= 
11.25 ns/pFI CL + 6 ns 
10 
- 
25 
60 


tTLH 
= IUO 
n./pFJ 
CL ' 3 n. 
15 
- 
20 
- 


Output Fall Time- 
tTHL 
ns 


'THL 
= 11.5 n./pFI 
CL +47 
n. 
5.0 
- 
70 
150 


tTHL 
= 10.75 n./pFI 
CL + 24 ns 
10 
- 
35 
80 


tTHL 
= 10.55 ns/pF) 
CL + 17 n. 
15 
- 
25 
- 


Turn-Off 
Delay Time- 
'pLH 
n. 


tpLH 
= 12.7 ns/pFJ 
CL + 560 ns 
5.0 
- 
600 
1200 


tpHL 
= 11.2 n./pFJ 
CL + 282 ns 
10 
- 
300 
600 


tPLH 
= 10.91 ns/pFI 
CL + 286 ns 
15 
- 
150 
- 


Turn-On Delay Time- 
tPHL 
ns 


tPHL 
= 12.4 ns/pFJ 
CL + 564 n. 
5.0 
- 
600 
1200 


'pHL 
= 11.0 ns/pF) 
CL + 285 n. 
10 
- 
300 
600 


'pHL 
= 10.75 ns/pFJ 
CL + 289 n. 
15 
- 
150 
- 


Turn-On Delay Time (Inhibit to Output) 
tpHL 
ns 
5.0 
- 
300 
550 
10 
- 
225 
425 
15 
- 
110 
- 


Turn-Off 
Delay Time (Inhibit to Outputl 
'pLH 
n. 


5.0 
- 
300 
550 
10 
- 
225 
425 
15 
- 
110 
- 


Input Pulse Coincidence (Figure 31 
PCmin 
ns 
5.0 
500 
450 
- 


10 
450 
350 
- 


15 
- 
- 
- 


Input Pulse Width (Figure 11 
tWH 
n. 


5.0 
500 
450 
- 


10 
450 
350 
- 


15 
- 
- 
- 


Input Clock Frequency 
fel 
MHz 


5.0 
- 
0.7 
- 


10 
- 
1.0 
- 


15 
- 
1.5 
- 


Clock Input Rise and Fall Times (Figure 1) 
'TLH, 
tTHL 
5.0 
- 
- 
15 
~. 
10 
- 
- 
5.0 
15 
- 
- 
- 


I 
I 


Pl~STlC 
OR CIERAMIC 
- 
"'" 
PACKAGE 


"- "'- '" 


"- 
"'" 


"- 


"" 


~ 
800 
;::t 
700 
Bi .•• 
600 
°E 
~~ 
500 


~~ 
400 
~ 
'" 
300 
x 
~ 
200 


~ 
100 


o 
25 


• 


Input 
Disable 
-,~ 
_ 


Strobe 2 ~ 
_ 


Strobe 1 


Input 
Disable --.J 


Strobe 
21 
_ 


Strobe 
llL- 
_ 


Output 
Set 


Clock 


S 


LOGIC 
DIAGRAM 
n..• 
~~ 


C2 
Divide·By-l00 
..• 


C, 
Synchronous 


(11 


Enable 
Counter 


Set A 
3 


14 
Output 
A 


Set 
B 
4 
VOO 


13 
Output 
B 


..•...• 
c, 
N 
Enable 


W 
W 
Set C 5 
VOO 


12 
Output 
C 


C2 


C, 


Enable 


Set 
D 6 


Output Set 2 


l' 
Output 
D 


Strobe 2 9 
Schmin 
Clock 


Conditioning 


Circuit 


Input 
Disable 
10 


Clock 
1 
'5 


Output 
Inhibit 


@ MOTOROLA 


The MC14419 is designed for phone dialer system applications, 
but 
finds 
many applications 
as a keypad-to-binary 
encoder. The 


device 
contains 
a 2-of-8 
to 
binary 
encoder, 
a strobe 
generator, 
and 
an illegal state detector. The encoder has four row inputs and four 
column inputs, and is designed to accept inputs from 16 keyswitches 


arranged 
in a 4 x 4 matrix. 
For 
an output 
on the four 
data 
lines, 
one 
and only one row along with 
one and only one column input line 


must be activated. 
All 
other 
combinations 
are suppressed by the 


illegal state detector to eliminate false data output. 


The strobe generator produces a strobe pulse when any of the 


10 keys corresponding to numerals 0 through 9 are depressed. The 


strobe 
output 
can 
be used 
to eliminate 
erroneous 
data 
entry 
due 
to 


contact 
bounce. 
For 
a 
strobe 
output 
to 
occur, 
the 
key 
row 
and 


column 
input 
lines 
must 
remain 
stable 
for 
80 
clock 
pulses 
after 


activation. When the contact bounce has settled and SO clock pulses 
have occurred, 
the output 
will 
be a single strobe pulse equal in 


width 
to 
that 
of the clock 
low state. The strobe generator will 


output 
one 
and 
only 
one 
pulse 
each 
time 
a numerical 
key 
is de- 


pressed. 
After 
the 
pulse 
has 
occurred, 
noise 
and 
bounce 
due 
to 
contact 
break will 
not cause another strobe pulse. With a 16 kHz 
input clock frequency, the pulse occurs 5 ms after the last bounce. 


• 
Suppressed Output 
for Illegal Input Codes 


• 
On-Chip Pullup Resistors for Rowand 
Column Inputs 


• 
Clock Input Conditioning 
Circuit 


• 
Low Current Drain in Standby Mode 


5.0 J1ATypical 
@ 5.0 Vdc 


• 
Subsystem Complement to the MC1440S/14409 
Phone 


Pulse 
Converter 


• 
Codes for Numbers 0-9 Produce a Strobe Pulse 


Row I:: ' 
Inputs 
A3 
3 


R4 


I 


c' 
5 


Column 
C2 


Inputs 
C3 


C4 


'3 
04 


12 
03 
Data 
Outputs 
" 


02 


'0 
01 


2-of-8 
to 
Binary 


Encoder 
and 
Illegal 


Code 


Detector 


MC14419 


2-0F-8 
KEVPAD-TO-BINARV 


ENCODER 


LSUFFIX 


CE RAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


PIN ASSIGNMENT 


16 
'5 


14 
'3 


12 


11 
'0 


8 


VOO-PIn16 
VSS - Pin 8 


This 
device 
contains 
circuitry 
to 
protect 


the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
hOVYever. it 
is 


advised 
that 
normal 
precautions 
be taken 
to 
avoid 
application 
of any voltage 
higher 


than 
maximum 
rated voltages to this high 


impedance 
circuit. 
For 
proper 
operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
..,;;(Vin 
or 


Vout) 
..,;;VOO' 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
+6.0 to -0.5 
Vdc 


Input Voltage, All Inputs 
Vin 
Voo 
+ 0.5 
Vdc 
to 
VSS -0.5 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature Range 
TA 
-40 to +85 
°c 


Storage Temperature Range 
Tstg 
-65to 
+150 
°c 


Voo 
-400C 
25°C 
+850C 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Supply Voltage Operating Range 
Voo 
- 
3.0 
6.0 
3.0 
5.0 
6.0 
3.0 
6.0 
Vdc 


Output Voltage 
"0" Level 
Vout 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


"'" 
Level 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Input Voltage 
"0" 
Level 
V,L 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 
Vdc 


1VO • 4.5 or 0.5 Vdcl 


"'" 
Level 
V,H 
5.0 
3.5 
- 
3.5 
2.25 
- 
3.6 
- 
Vdc 


(VO • 0.5 or 4.5 Vdc) 


Output Drive Current 
'OH 
5.0 
-0.23 
- 
-0.20 
-1.7 
- 
-0.16 
- 
mAde 


(VOH = 2.5 Vdcl 
Source 


1VOL = 0.4 Vdc) 
Sink 
'OL 
5.0 
0.23 
- 
0.20 
0.78 
- 
0.16 
- 
mAdc 


Input Leakage Current 
IIH 
5.0 
- 
'0.1 
- 
'0.00001 
'0.1 
- 
'1.0 
,uAdc 


(V;n = Vool 


Pullup Resistor Source Current 
IlL 
5.0 
265 
460 
190 
250 
330 
125 
215 
,uAdc 


(Rowand 
Column Inputs) 
IV;n = VSSI 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
- 
- 
- 
pF 


IV;n = VSS) 


Standby Supply Current 
100S 
3.0 
- 
3.0 
- 
1.0 
3.0 
- 
6.0 
,uAdc 


(fclock = 16 kHz, No Keys 
5.0 
- 
15 
- 
5.0 
15 
- 
30 


Depressed) 
6.0 
- 
60 
- 
20 
60 
- 
120 


Standby Supply Current as a 
'OOS 
5.0 
100S - 0.09 ~A/kHz 
+ 3.0 ~A 
,uAdc 


Function of Clock Frequency· 
(No Keys Depressed) 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise and Fall Times, 0' 
thru 04 (Figure 1) 
tTLH. tTHL 
5.0 
- 
300 
- 
ns 


Propagation Delay Time, Row or Column Input to 
tPLH. 
5.0 
- 
1000 
- 
ns 


Data Output (Figure 11 
tpHL 


Clock Pulse Frequency Range 
PRF 
3.0 to 6.0 
- 
- 
80 
kHz 


Rowor 
Column 
Input 


PRF 
tST' 


Clock 
Frequency 
Strobe 
Pulse Delay 
Time 


kHz 
ms 


4.0 
20 
8.0 
10 
16 
5.0 
32 
2.5 
80 
1.0 


Contact 
Make 
Bounce 


Contact 
Break 
Bounce 


Rowor 
Column 
Input 
~,. 
.l .... 
__~~ 
!--tST---II--PWST' , 


80 Clock 
~ 
Pulses 
------------------------ 


Inputs 


Row 
Column 
Outputs 


Key •••• 
R4 R3 R2 Rl 
C4 CJ C2 C, 
D4 DJ D2 Dl 
Strobe 


1 
1 
1 
1 
a 
1 
1 , 
a 
a 
a 
a , 
.n.. 


2 
, 
1 
1 
a 
, 
1 
a 
1 
a 
a , 
a 
.n.. 


3 
1 
1 , 
a 
1 
a , 
1 
a 
a 
1 , 
.n.. 


A 
, 
1 
1 
a 
a 
1 , , 
1 
1 
a 
a 
a 
4 
1 
1 
a 
1 
1 
1 , 
a 
a 
1 
a 
a 
.n.. 


5 
, 
1 
a 
1 
1 , 
a 
1 
a , 
a , 
...n.. 


6 
, 
1 
a 
1 
1 
a , 
1 
a , , 
a 
...n.. 


8 
, 
1 
a 
1 
a , , , 
, 
1 
a , 
a 


7 
1 
a 
1 
1 
, , , 
a 
a 
1 
1 , 
J1.. 


8 
1 
a , , , 
1 
a , 
1 
a 
a 
a 
.n.. 


9 
, 
a , 
1 
, 
a 
1 .' 
1 
0 
a 
1 
.n.. 


c 
, 
a 
1 
1 
a 
1 
1 
1 
, , , 
a 
a 
a 
1 , , , 
1 
1 
0 
, 
0 , 
a 
a 
a 
a , , 
1 
1 
1 
a , 
a 
0 
0 
a 
J1.. 


# 
a 
1 , , 
1 
0 
1 
1 
1 
a 
1 
1 
a 
D 
a , , , 
a 
1 
1 , 
1 
1 
1 
1 
a 


All 
Other 
Combinations 
a 
0 
0 
a 
a 


Voo 


4 x 4 Keypad 


01 
10 


02 
11 


MC14419 
03 
12 


04 
13 


14 


MC14419 
2-ot-8 Keypad-to-Binary 
Encoder 


fel 
'" 16 kHz 


1 


Row 


F,om 
Inpu" 


Keypad 


Column 
Inputs 


I 
I 
I 
I 
Me14408/409 


I 
Control 
Inputs 


I 
I 
I 


MC14408. 
MCl4409 
Binary-to..phone 
Pulse Converter 


L = 5 mH 


14 
ST 


13 
OPI 
11 Outpulsing 
04 
04 
12 
03 
03 
11 


02 
02 
ORO 
12 
Dial 
Rotating 
10 
Output- 


01 
01 


I 


- -- 
~ 


{ 


Hold 
9 


Call 
Request 
13 


Ae-Dlal 
10 


Interdlglt 
Time 
14 


Make-Break 
RatiO 
15 
•.Between 
each 
digit 


pulsetrain. 
MCl4408 


ORO stays 
high, 


MCl4409 
ORO goes tow. 


Circuit 
diagram, 
utilizing 
Motorola 
products 
are included 
8Sa means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily given. 
The information 
has been carefully 
checked and 


is believed 
to 
be entirely 
reliable. 
However, 
no responsibility 
is 


assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey to the purchaser of the semiconductor 
de•••• 
ic.s described any 
lic.ns. 
und.r 
the patent 
rights of Motorola 
Inc. or oth.rs. 


@ MOTOROLA 


The MC14422 is a remote control transmitter circuit designed for 


use 
in television 
receivers, 
security 
controls, 
toys, 
industrial 
remote 
controls, 
and remote control 
locks. 
The circuit 
is intended for use 


with the MC6525 or MC6526 NMOS remote control receiver. 


Using digital frequency multiplexing, 
the MC14422 generatesfive 
frequencies which are transmitted sequentially to form a code cor- 
responding to a particular function 
in the receiver circuit. 
The wide 
channel spacing between these frequencies eliminates problems due 
to doppler effect. 
The frequency multiplex 
system inherently pro· 


vides a good degree of noise immunity . 


• 
Transmission of Information 
Is Achieved by 
Time Multiplexing 
Five Frequencies 


Reference 


Oscillator 
Input 


Reference 


Oscillator 
Output 


Scanner 


Oscillator 
Input 


MC14422 


CMOS LSI 


ILOW-POWER 
COMPLEMENTARY 
MOS) 


REMOTE 
CONTROL 
TRANSMITTER 
- 


1 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due to high static 
voltages 
or 
electric 
fields; 
ho~ver. 
It 
is 


advised 
that 
normal 
precautions 
be 
taken 


to 
avoid 
application 
of any voltage 
higher 


than 
maximum 
rated voltages to this high 
impedance 
circuit. 
For proper 
operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
.< 
(Vin 
or 
Vou,l 
•• VOO' 


Unused 
inputs 
must 
always 
be 
tied 
to an 


appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS or VOOJ. 


9J 


10 


Scanner 
Outputs 
11 


12 


Scanner 


Oscillator 


Output 


Rating 
Symbol 
Value 
Unit 


OC Supply Voltage 
VOO 
-{).5 to+10 
Vde 


Input Voltage. All Inputs 
Vin 
VOO + 0.5 
Vde 


DC Current 
Drain per Pin 
I 
10 
mAdc 


Operating 
Temperature 
Range 
TA 
o to +55 
°c 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Characteristic 
Symbol 
Min 
Typ 
Mu 
Unit 


Supply Voltage 
VOO 
5.0 
- 
8.0 
Vde 


Supply Current 
100 
(VOO 
m 8.0 Vdel 
Idle 
- 
0.4 
100 
/lAde 
Operating 
- 
- 
10 
mAdc 


Output 
Drive Current 
IOH 
(VOH = 4.0 Vde, VOO: 
5.0 Vde 
Source 
Scanner Output 
-50 
- 
- 
/lAde 
Transmitted 
Frequency Ouptut 
-{).5 
- 
- 
mAdc 
Scanner Oscillator Output 
-{).1 
- 
- 
mAde 
Reference Oscillator Output 
-0.3 
- 
- 
mAde 


(VOL - 1.0 Vde, VOO = 5.0 Vde) 
Sink 
IOL 
Scanner Output 
50 
- 
- 
"Ade 
Transmitted 
Frequency Output 
0.2 
- 
- 
mAde 
Scanner Oscillator Output 
0.1 
- 
- 
mAdc 
Reference Oscillator 
Output 
0.3 
- 
- 
mAdc 


Input Current 
IIH 
jJAdc 
(VIH 
E 8.0 Vde, VOO = 8.0 Vde) 
Sink 
Scanner Oscillator 
Input 
- 
- 
1.0 
Reference Oscillator 
Input 
- 
4.0 
- 
400 


(VIH: 
7.0 Vde, VOO = 8.0 Vde) 
Source 
Decoder Input 
-1.0 
- 
- 


(VIL 
- 0 Vde. VOO = 8.0 Vdel 
Source 
IlL 
/lAde 
Scanner Oscillator 
Input 
- 
- 
1.0 
Reference Oscillator 
Input 
-4.0 
- 
-400 


IVIL 
= t.OVde. 
VOO = 5.0 Vdel 
Sink 
Decoder Input 
- 
- 
-25 


Reference Oscillator 
Frequency 
fref 
- 
- 
1.0 
MHz 
IVoo 
= 5.0 Vdel 


• 


As shown in Figure 1, until a matrix switch is depressed, 
the decoder inputs (pins 3 through 7) are high, all scanner 
outputs 
(pins 9 through 12) are low, and both the scanner 
and reference oscillators, as well as the output 
gate con- 
trol 
circuit, 
are switched off. 
This is referred to as the 
"idle" 
mode. 
In this mode, with a significant part of the 
circuit 
switched off, current consumption 
is reduced to a 


minimum. 
The decoder section, however, remains in con· 
tinuous 
operation 
so that a switch matrix command can 
be recognized. 
When a switch is depressed, the decoder 
will 
set the five latches in accordance with 
the correct 
code (see Figure 2). At the same time, a latch is triggered 
which activates the idle line and turns on the reference 


Matrix 
Transmitted 
Channel 
Connections 
Frequencies 
Number 
Pin to Pin 
t1 
12 
t3 
t4 


1 
7 
12 
fe 


2 
7 
9 
fe 
fa 


3 
7 
10 
fe 
fb 


4 
7 
11 
fe 
fa 
fb 


5 
6 
12 
fe 
fc 


6 
6 
9 
fe 
fa 
fc 


7 
6 
10 
fe 
fb 
fc 


8 
6 
11 
fe 
fa 
fb 
fc 


9 
5 
12 
fe 
fd 


10 
5 
9 
fe 
fa 
fd 


11 
5 
10 
fe 
fb 
fd 


12 
5 
11 
fe 
fa 
fb 
fd 


13 
4 
12 
fb 


14 
4 
11 
fa 
fb 


15 
3 
9 
fc 


16 
3 
10 
fa 
fc 
17 
4 
9 
fb 
fc 
18 
4 
10 
fa 
fb 
fc 


19 
3 
12 
fd 


20 
3 
11 
fa 
fd 


21 
3,4 
12 
fb 
fd 


22 
3,4 
11 
fa 
fb 
fd 


oscillator, 
the scanner oscillator, the row enable, and the 
output gate control. 
When the switch 
is operated just prior to time period 
t1, the following 
happens: 
1. The scanner outputs become active and take up their 
respective code corresponding to t1 when the next nega- 
tive going edge of the scanner oscillator occurs. 
2. The reference oscillator is switched on. 
3. The output gate control idle input is enabled. 
Note: 
No 
output 
can occur at the transmitted 
fre- 
quency output 
(pin 15) until 
the negative going edge of 
the pin 12 scanner output 
signal has occurred at the end 
of time t4. 


The timing 
example of 
Figure 1 uses the matrix 
con- 
nection of pin 4 connected to pin 11. Table 1 shows that 
the code for 
this connection 
is fa transmitted 
in time 
period t2 and fb transmitted 
in time period t3. 
After the 
negative going edge of 
the 
pin 
12 scanner pulse has 
enabled the output 
gate control, 
an output 
cycle can be- 
gin. 
Therefore, in this case no output 
occurs in the time 
period t1. fa and fb are transmitted 
in time periods t2 and 
t3 respectively, and no output occurs during time t4. 


The code is repeated continuously 
at pin 15 until the 
matrix 
switch 
is released. At this point the circuit 
com- 
pletes the scan cycle and the trailing edge of the pin 12 
scanner signal returns the circuit to its "idle" 
position. 


The transmitted 
frequencies are generated by dividing 
a reference oscillator 
frequency by a variable divider cir- 
cuit which is controlled 
by the decoder outputs. 


Frequencies 
Output 
Division 
Frequency 
Ratio 


fa 
34.688 kHz 
f2/26.5 


fb 
36.048 kHz 
f2/25.5 


fc 
37.519 kHz 
f2/24.5 


fd 
39.116 kHz 
f2/23.5 


fe 
42.755 kHz 
f2/21.5 


Unspecified 


Time 
Period 


Switch 
+ 
~ 


Activated t"04------------------- 
~ 
SwItch 
:.J 
~ 
Deactivated 


---u-l- 


10 
----uL 


11 
----uL 


12 
U 
U 
LI 
~ 


II 


?' 
Y" 
~VDD 


Y" 
Y" 
Y" 
Y" 
"f3 
rll 
::;1\ "";11"";11 :::;11 


Y" 
?7 
Y" 
{7 


-!- 


4 


Y" 
Y" 
?7 
Y" 
5 
Decoder 
and 
56·Bit 
Y" 
Y" 
Y" 
Y" 
6 
Latch 
-f-- 


Y" 
Y" 
Y" 
Y" 
7 


9 
Idle 


10 


Row 


" 


Enable 


12 


[ Scann., 


~ 
~Scanne, 
VOO 
O~llator 
~ 
Output 
I 
l 


Idle 
Gate 
I 
c: 


Control 


13 
14 


161 


"""" 


>~ 


t 
± t 


.....-·i 


C1 '" 820 
pF 


C2 '" 180 
pF 


C3 '" 120 pF 
L1 
==160j.lH,Q==60 


The scanner ocsillator 
frequency 
can be calculated 
using the 


following 
formula: 


A1 
'" 47 
kn 
A2 
'" 1 00 
kn 
n3 '" 180 kn 


C1 
=: 0.069 
j.lF 
C2 = 0.033 
j.lF 
C3 
II: 0.015 
j.lF 


~ 
MOTOROLA 
MC14433 


The 
MC14433 
is a high 
performance, 
low power, 
3% digit 
AID 
converter 
combining 
both 
linear CMOS and digital 
CMOS circuits 
on 


a single 
monolithic 
IC. The MC14433 
is designed 
to minimize 
use of 
external 
components. 
With 
two 
external 
resistors 
and two 
external 


capacitors, 
the 
system 
forms 
a 
dual 
slope 
AID 
converter 
with 
automatic 
zero correction 
and automatic 
polarity. 


The 
MC14433 
is ratiometric 
and 
may 
be used 
over 
a full-scale 
range 
from 
1.999 
volts 
to 
199.9 
millivolts. 
Systems 
using 
the 
MC14433 
may 
operate 
over a wide 
range 
of power 
supply 
voltages 
for 
ease of use with 
batteries, 
or with 
standard 
5 volt supplies. 
The 


output 
drive 
conforms 
with 
standard 
B-Series 
CMOS 
specifications 
and can drive a low-power 
Schottky 
TTL load. 
The high impedance 
MOS inputs 
allow applications 
in current 
and 


resistance 
meters 
as well 
as voltmeters. 
In addition 
to 
DVM/DPM 
applications, 
the 
MC14433 
finds 
use in digital 
thermometers, 
digital 


scales, 
remote 
AID, 
AID 
control 
systems, 
and in MPU systems. 


• 
Accuracy: 
±0.05% 
of Reading 
±1 Count 
• 
Two Voltage 
Ranges: 
1.999 
V and 199.9 
mV 
• 
Up to 25 Conversionsls 
• 
Zin> 
1000 
M ohm 
• 
Auto-Polarity 
and Auto-Zero 
• 
Single 
Positive 
Voltage 
Reference 


• 
Standard 
B·Series CMOS Outputs-Drives 
One 
Low Power 
Schottky 
Load 


• 
Uses On-Chip 
System 
Clock, 
or External 
Clock 
• 
Low Power 
Consumption: 
8.0 mW typical 
@ ±5.0 
V 
• 
Wide Supply 
Range: 
e.g., ±4.5 
V to ±8.0 
V 
• 
Overrange 
and Underrange 
Signals 
Available 
• 
Operates 
in Auto 
Ranging 
Circuits 
• 
Operates 
with 
LED and LCD Displays 


• 
Low External 
Component 
Count 


L SUFFIX 


~ 


ERAMICPACKAGE 
CASE 623 


24 


,',"",. 
,~ 


PLASTIC PACKAGE 
1 


CASE 
709 


Suffix 
Denotes 


T - L 
Ceramic 
Package 
L P 
Plastic 
Package 


V ref Aeference Voltage 


V AG 
Analog 
Ground 


3 
Vx 
Analog 
Input 


Voo 
= Pin 24 
VSS 
.., Pin 13 
VEE 
.., Pin 12 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD to VEE 
-0.5 to +18 
Vdc 


Voltage, any pin, referenced to VEE 
V 
-0.5 to 
Vdc 


VDD +0.5 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature 
Range 
TA 
-40 to +85 
°c 


Storage Temperature 
Range 
Tstg 
-6510+150 
°c 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
however, 
it 
is 


advised that 
normal 
precautions be taken 


to avoid application 
of any voltage higher 
than maximum 
rated voltages to this high 


impedance circuit. 
For proper operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the range VEE 
:s;;; (Vin 
or 
Vout) 
:s;;; VDD. 


Parameter 
Symbol 
Value 
Unit 


DC Supply Voltage - 
VOO to Analog Ground 
VDD 
+5.0 to +8.0 
Vdc 
VEE to Analog Ground 
VEE 
-2.8 to -8.0 


Clock Frequency 
fClk 
32 to 400 
kHz 


Zero Offset Correction Capacitor 
Co 
0.1 ±'20% 
~F 


ELECTRICAL 
CHARACTERISTICS 
(CI ° 0.1 ~F mylar. RI ° 470 kn @ Vref ° 2.000 V. RI ° 27 kn @Vref ° 200.0 mY. 
Co = 0.1 J,JF,RC = 300 kn; all voltages referenced to Analog Ground, pin 1.) 


VDD 
VEE 
_40°C 
25°C 
85°C 


Characteristic 
Symbol 
Vdc 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Linearity-Output 
Reading (Note') 
- 
%rdg 


(V ref ° 2.000 VI 
5.0 
-5.0 
- 
- 
-0.05 
'0.05 
+0.05 
- 
- 


-Count 
+Count 
(V ref ° 200.0 mY) 
5.0 
-5.0 
- 
- 
- 
-0.05 
- 
- 
- 


Stability-Output 
Reading (Note 2) 
- 
LSD 
(VX ° 1.990 V. Vref ° 2.000 VI 
5.0 
-5.0 
- 
- 
- 
- 
2 
- 
- 


(VX ° 199.0 mY. Vref ° 200.0 mY) 
5.0 
-5.0 
- 
- 
- 
- 
3 
- 
- 


Zero-Output 
Reading 
- 
5.0 
-5.0 
- 
- 
- 
0 
0 
- 
- 
LSD 
(VX ° 0 V. Vref ° 2.000 VI 


Bias Current - 
Analog Input 
- 
5.0 
-5.0 
- 
- 
- 
'20 
! 100 
- 
- 
pAdc 


Reference Input 
5.0 
-5.0 
- 
- 
- 
'20 
• 100 
- 
- 


Analog Ground 
5.0 
-5.0 
- 
- 
- 
'20 
, 500 
- 
- 


Common Mode Rejection 
- 
5.0 
-5.0 
- 
- 
- 
65 
- 
- 
- 
dB 
(VX ° 1.4 V. Vref ° 2.000 V. 
foe 032 
kHzl 


Output Voltage - 
Pins 14 to 23 
Vdc 


(VSsoOVI 
"0" 
Level 
VOL 
5.0 
-5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
-5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 


(VSS ° -5.0 VI 
"a.. Level 
VOL 
5.0 
-5.0 
- 
4.95 
- 
-5.0 
-4.95 
- 
-4.95 


"1" 
Level 
VOH 
5.0 
-5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 


Output Current - 
Pins 14 to 23 
mAde 
IVSS ° 0 VI 
(VOH ° 4.6 V) Source 
IOH 
5.0 
-5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOL ° 0.4 VI Sink 
IOL 
5.0 
-5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 


(VSS ° -5.0 VI 
IVOH ° 4.5 V) Source 
IOH 
5.0 
-5.0 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOL ° -4.5 VI Sink 
IOL 
5.0 
-5.0 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


Clock Frequency 
fClk 
5.0 
-5.0 
- 
- 
- 
66 
- 
- 
- 
kHz 


IRC ° 300 knl 


Input Current - 
DU 
IDU 
5.0 
-5.0 
- 
±0.3 
- 
±0.00001 
±0.3 
- 
± 1.0 
J.lAdc 


Quiescent Current 
10 
5.0 
-5.0 
- 
3.7 
0.9 
2.0 
- 
1.6 
mAdc 


(VDD to VEE. ISS • 01 
8.0 
-8.0 
- 
7.4 
- 
1.8 
4.0 
- 
3.2 


DC Supply Rejection 
- 
5.0 
-5.0 
- 
- 
- 
0.5 
- 
- 
- 
mVIV 


(VDD to VEE. ISS' 
0, Vref = 2.000VI 


Note': 
Accuracy - 
The accuracy of the meter at full scale is the accuracy of the setting of the reference voltage. Zero is recalculated during 


each conversion cycle. The 
meaningful specification 
is linearity. 
In other words, the deviation from correct reading for all inputs 


other than positive full scale and zero is defined as the linearity specification. 


Note 2: 
3 LSD stability for 200 mV scale is defined as the range that the LSD will occupy 95% of the time. 


~ 
,...... 
-r-..... 


- 
NOTE: 
ROllOVER 
ERROR IS THE OIFFERNCE IN 


OUTPUT READING FOR THE SAME ANALOG 
- 
INPUT SWITCHED FROM POSITIVE TO NEG· 
I 
ATiVE. 
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-1.0 
-1.0 
-3.0 
-4.0 


VOS. ORAIN ·TO·SOURCE VOLTAGE (Vdcl 


CONVERSION 
RATE. 
CLOCK 
FREQUENCY 
1 5% 
16,400 
± . 


MULTIPLEX 
RATE 
• CLOCK 
FREQUENCY 
80 


ANALOG GROUND (VAG, Pin 1) 


Analog ground at this pin is the input reference level 


for 
the 
unknown 
input 
voltage (VXI 
and reference 
voltage (V ref). This pin is a high impedance input. 


REFERENCE VOLTAGE 
(V,ef, Pin 2) 
UNKNOWN INPUT VOL TAGE (VX, Pin 3) 
This AID system performs a ratiometric 
AID conver· 
sion; that 
is, the unknown 
input voltage, VX, is mea· 


sured as a ratio of the reference voltage, Vref. 
The full 


scale voltage is equal to that voltage applied to Vref. 
Therefore, 
a full 
scale voltage of 
1.999 V requires a 
reference voltage of 2.000 V while full scale voltage of 
199.9 mV requires a reference voltage of 200 mV. Both 
Vx 
and Vref are high impedance inputs. In addition to 
being a reference input, pin 2 functions asa reset for the 
AID 
converter. When pin 2 is switched to VEE for at 
least 5 clock cycles, the system is reset to the beginning 


of a conversion 
cycle. 


EXTERNAL 
COMPONENTS (R" RIICI, C,; Pins 4, 5, 6) 
These pins 
are for 
external 
components 
for 
the 


integration 
used in the dual ramp AID 
conversion. A 


typical 
value for the capacitor is 0.1 IlF (mylar) while 


the resistor should be 470 kn for 2.0 V full scaleopera· 
tion and 27 kn for 200 mV full scaleoperatic:,". These 
values are for a 66 kHz clock frequency which will pro· 
duce a conversion time of approximately 
250 ms. The 


equations 
governing 
the 
calculation 
for 
the 
values 
for 


integrator 
components 
are as follows: 


RI = Vx(max) 
x .2.... 


CI 
6,V 


6,V = VDD - Vx(max) 
- 0.5 


T = 4000 x ...!.- 


fClk 


where: 


Rlisinkn 
VDD is the voltage at pin 24 referenced to VAG 
Vx is the voltage at pin 3 referenced to VAG 
fClk is the clock frequency at pin lain 
kHz 


Example: 
CI = 0.1 IlF 
VDD = 5.0 volts 


fClk = 66 kHz 


For Vx(max) 
= 2.0 volts 


RI = 480 kn (use470 kn ± 5%) 


For Vx(max) 
= 200 mV 
RI = 28 kn (use 27 kn ± 5%) 


Note that 
for worst case conditions, 
the minimum 
allowable value for RI is a function of CI min, VDD min, 
and fClk max. The worst·casecondition does not allow 


V + Vx to exceed VDD. 
The 0.5 V factor in the above 
equation for 6,V is for safety margin. 


OFFSET CAPACITOR (C01, C02; Pins 7, 8) 
These 
pins 
are 
used for 
connecting 
the 
offset 
correction capacitor. The recommended value is 0.1 IlF. 


DISPLAY UPDATE INPUT (DU, Pin 9) 
If a positive edge is received on this input prior to the 
ramp·down 
cycle, 
new data will 
be strobed into the 
output 
latches during that conversion cycle. When this 
pin is wired directly to the EOC output 
(pin 14). every 
conversion will 
be displayed. When this pin is driven 
fro man 
external 
source, 
the 
voltage 
should 
be 


referenced to VSS. 


CLOCK (Clk I, Clk 0, Pins la, 11) 
The 
MC14433 
device contains 
its own 
oscillator 


system clock. A single resistor connected between pins 
10 and 11 setsthe clock frequency. If increasedstability 
is desired, these pins will support a crystal or LC circuit. 
The clock 
input, 
pin 10, may also be driven from an 
external clock source which 
need have only standard 


CMOS output drive. For external clock inputs this pin is 
referenced to VEE. A 300 kn 
resistor results in clock 
frequency 
of 
about 
66 
kHz. 
(See the 
typical 


characteristic 
curves.) 
For 
alternate 
circuits 
see Figure 
7. 


NEGATIVE 
POWER SUPPLY (VEE,Pin12) 
This is the connection for the most negative power 


supply voltage. The typical current is 0.8 mA. Note the 


current 
for 
the 
output 
drive 
circuit 
is 
not 
returned 
through this pin, but through pin 13. 


NEGATIVE 
POWER SUPPLY FOR OUTPUT 
CIRCUITRY 
(VSS, Pin 13) 


This is the low voltage level for the output pins of the 


MC14433 (BCD, Digit Selects, EOC, ORI. When this pin 
is connected to analog ground, the output voltage is from 
analog ground to VDD. 
When connected to VEE, the 
output swing is from VEE to VDD. The allowable operat· 
ing range for VSS is between VDD - 3.0 volts and VEE. 


END OF CONVERSION (EOC, Pin 14) 


The EOC output produces a pulse at the end of each 


conversion cycle. This pulse width is equivalent to one 
half the period of the system clock (pin 11). 


OVER RANGE (OR, Pin 15) 


The OR 
pin is low when Vx exceedsVref. Normally 


it is high. 


DIGIT SELECT (D54, DS3, DS2, DS1; Pins 16,17,18, 
19) 
The digit 
select output 
is high when the respective 


digit is selected. The most significant digit (y, digit) turns 
on immediately after an EOC pulse followed by the reo 
maining digits, sequencing from MSO to LSD. An inter· 
digit blanking time of two clock periods is included to 
ensure that the BCD data hassettled. The multiplex rate 
is equal to the clock frequency divided by 80. 
Thus, 


with a system clock rate of 66 kHz, the multiplex 
rate 
would be 0.8 kHz. 
Relative timing among digital select 


ouptut 
and EOC signals is shown in the Digit Select 


Timing Diagram, Figure 8. 


BCD DATA 
OUTPUTS (00, 01, 02, 03, Pins 20, 21, 
22,23) 


Multiplexed 
BCD outputs 
contain 
3 full 
digits of 
information 
during 052, 3,4, 
while during 051, the Y, 


digit, 
overrange, underrange and polarity 
are available. 
The adjacent truth table shows the formats of the infor· 
mation during 051. 


POSITIVE POWER SUPPLY (VOO, Pin 24) 


The most positive supply voltage pin. 


Coded Condition 
BCD to 7 Segment 
ofMSD 
03 
02 
01 
00 
Decoding 


+0 
1 
1 
1 
0 
Blank 


-0 
1 
0 
1 
0 
Btank 
+0 UR 
1 
1 
1 
1 
Blank 


-OUR 
1 
0 
1 
1 
Blank 
+1 
0 
1 
0 
0 
4~1} 
Hook up 


-1 
0 
0 
0 
Q 
0~1 
onlv seg b 
+10R 
0 
1 
1 
1 
7~1 
and c to 
-lOR 
0 
0 
1 
1 
3~1 
MSD 


Notes 
for Truth 
Table 
03 
- 
Y.tdigit, 
low for "''', 
high 
for "0" 
Q2 - 
Polarity: 
",":: 
positive, "0" = negative 
00 - 
Out of range condition exists if ao = 1. When used in 
conjunction with 03 the type of out of range condition 
is indicated. 
i.e., 03 = 0 -+ OR or Q3 = 1 -+ UR. 


When only segment band 
c of the decoder are connected 
to the % digit of the display. 4, 0, 7 and 3 appear as 1. 


The 
overrange indication 
(Q3 
= a and 00 
= 1) occurs 
when the count is greater than 1999, e.g., 1.999 V for a 
reference of 2.000 V. The underrange indication, 
useful for 
autoranging circuits, occurs when the count is lessthan 180, 
e.g., 0.180 V for a reference of 2.000 V. 


Caution: If the most significant digit is connected to a display 
other than a "1" 
only; such as a full digit display, segments 
other than band 
c must be disconnected. The BCD to seven 
segment decoder must blank on BCD inputs 1010 to 1111. 


cr 
f =-i;VVLc 


For 
L '" 5 mH 
and C = 0.01 
}JF, f ~ 
32 kHz 


EOC --1 1--1/2 
Clock 
Cycle 
n~ 
- 
__ 
----i 


I 
118 
Clock 
Cycles 


~/~,'D;9;t J-----I 
_ 


(MSD) 


2 Clock 
CYcles--j F ~ 
~r 


Time 
Segment 
Number 


FIGURE 10 - 
EOUIVALENT 
CIRCUIT DIAGRAMS OF THE 
ANALOG SECTION DURING SEGMENT 4 
OF THE TIMING CYCLE 


The MC14433 CMOS integrated circuit, together with 


a minimum 
number of external 
components, forms a 


modified dual ramp AID 
converter. The device contains 
the customary CMOS digital 
logic providing counters, 


latches, and multiplexing circuitry as well as the CMOS 
analog circuitry 
providing 
operational 
amplifiers 
and 
comparators 
required to 
implement 
a complete single 
chip 
AID. 
Autozero, 
high 
input 
impedances, and 


autopolarity 
are features of this system. Using CMOS 


technology, an AID with a wide range of power supply 
voltage and low power consumption 
is now available 


with the MC14433. 
During each conversion, the offset voltages of the 


internal amplifiers and comparators are compensatedfor 
by 
the 
system's 
autozero 
operation. 
Also 
each 
conversion 'ratiometrically' 
measuresthe unknown input 
voltage. In other words, the output reading is the ratio 
of the unknown voltage to the reference voltage with a 
ratio of 1 equal to the maximum count 1999. The entire 
conversion cycle requires slightly more than 16000 clock 
periods and may be divided into six different segments. 
The waveforms showing the conversion cycle with 
a 
positive input and a negative input are shown in Figure 
9. The six segments of these waveforms are described 
below. 


Segment 
1 
- 
The 
offset 
capacitor 
(Co), 
which 


compensates for the input offset voltages of the buffer 


and integrator amplifiers, is charged during this period. 
Also, the integrator capacitor is shorted. This segment 
requires 4000 clock periods. 
Segment 2 - 
The integrator output decreasesto the 


comparator threshold voltage. At this time a number of 
counts equivalent to the input offset voltage of the com· 
parator is stored in the offset latches for later use in the 
autozero process. The time for this segment is variable, 
and lessthan 800 clock periods. 
Segment 3 - 
This segment of the conversion cycle is 


the sameasSegment 1. 


Segment 4 - 
Segment 4 is an up·going ramp cycle 
with the unknown input voltage (Vx) 
asthe input to the 


integrator. Figure 10 showsthe equivalent configuration 
of 
the 
analog section of 
the MC14433. The actual 


configuration of the analog section is dependent upon 
the polarity 
of the input 
voltage during the previous 


conversion cycle. 


Segment 5 - 
This segment is a down-going ramp 
period with 
the reference voltage as the input to the 


integrator. Segment 5 of the conversion cycle hasa time 
equal to 
the number of 
counts stored in the offset 
storage latches during Segment2. As a result, the system 
zerosautomatically. 
Segment 6 - 
This is an extension of Segment 5. The 


time period for th is portion is 4000 clock periods. The 
results of the AID 
conversion cycle are determined in 


this portion of the conversion cycle. 


MC1403 


+5V 


+5V 
+5V 


Segment 
Resistors 


169 


150n 
171 
Vx 
4 
7 
10 


2 
m 
10 
6 
11 


3 
M 
11 
5 


M 
12 
R,· 
.. 
; 


5 
'" 
12 
4 
13 
4 
.. 


5 
U 
13 
3 
u 
14 
::; 


6 
MC14433 
::; 
14 
2 
15 


O.1JlF- 
- 
13 
-5 
V 
6 
7'5 
1 
16 


7 
-5V 


8 
Minus 
Sign 


-5V 
O.lIJF 
15 
200n 


-5V 


·RI 
= 470 
kn 
for 
2 V Range 


A I = 27 kn for 200 mV 
Range 
• -Mvlar 
Capacitor 


MPS· 


A12 


141 


3'1.. DIGIT VOLTMETER 
- COMMON ANODE 
DISPLAYS, FLASHING OVERRANGE 
II 


An 
example 
of 
a 3)1, digit 
voltmeter 
using the 


MC14433 is shown in the circuit diagram of Figure 11. 
The reference voltage for the system uses an MC1403 
2.5 V reference IC. The full 
scale potentiometer 
can 
calibrate for a full scale of 199.9 mV or 1.999 V. When 
switching 
from 
2 V to 200 mV' operation, 
RI is also 
changed, asshown on the diagram. 


When using RC equal to 300 ki1, the clock frequency 


for the system is about 66 kH z. The resulting conversion 
time is approximately 
250 ms. 


When the input 
is overrange, the display flashes on 


and off. The flashing rate is one·half the conversion rate. 
This is done by dividing the EOC pulse rate by 2 with 
Yo 


MC14013B flip-flop 
and blanking the display using the 


blanking input of the MC14543B. 


The display usesan LED display with common anode 


digit 
lines driven with 
an MC14543B decoder and an 
MC1413 LED driver. The MC1413 contains 7 darlington 
transistor drivers and resistors to drive the segments of 
the display. The digit drive is provided by four MPS-A12 
darlington 
transistors operating 
in an eminer 
follower 
configuration. 
The 
MC14543B, 
MC14013B 
and LED 
displays 
are referenced 
to 
VEE 
via 
pin 
13 of 
the 
MC14433. 
This 
places the full 
power supply 
voltage 
across the display. The current for the display may be 
adjusted by the value of the segment resistors shown as 
150 ohms in the above figure. 


The power supply for the system is shown as a dual 


±5 V supply. However, the MC14433 will operate over a 
wide range of voltages, and balance between the +5 and 
-5 
V supplies is not 
required. See the recommended 
operating conditions and Figure 1, on pages2 and 3. 


t for 
V ref 
= 200.0 
mV 


VX: 
199.9 
mV full 
scale 


(change 470 kn 
to RI = 27 kn 


and decimal 
point 
position) 


-To 
increase sf'gment 
current 


capability 
add two 
MC75491 


ICsbetween 
MC145118 
and 


Resistor 
Network. 
The use of 
the MC1413 
as digit 
driver 


increases digit 
current 
capability 
over the MC75492. 
Peak digit 


current 
for 
an eight 
displayed 


is 7 times the segment current. 


··Vee 
can range between 
-2.8 
and 


-11 
V. 
Also see Figure 
18for 
negative 
supply 
generated 
from 
a 


positive 
supply. 


0' 
MC1413- 
Digit 
Drivers 


3% DIGIT 
VOLTMETER 
WITH 
LOW COMPONENT 
COUNT USING COMMON CATHODE DISPLAYS 
The 3% digit voltmeter of Figure 12 is an example of 
the use of the MC14433 in a system with a minimum of 
components. 
This circuit 
uses only 
11 components in 
addition 
to the MC14433 to operate the MC14433 and 


drive the LED displays. 


In this circuit 
the MC14511B provides the segment 
drive 
for 
the 
3% digits. 
The MC75492 or MC1413 
provides 
sink 
for 
digit 
current. 
(The MC75492 
or 
MC1413 are devices with 6 or 7 darlingtons respectively 
with common emitters.1 The worst casedigit current is 7 
times the segment current at % duty 
cycle. The peak 
segment current is limited by the value of R. The current 
for the display flows from VDD (+5 V) to ground and 
does not flow 
through the VEE (negative) supply. The 
minus sign is controlled 
by one section of the MC75492 
or MC1413 and is turned off 
by shunting the current 
through 
RM to ground, bypassing the minus sign LED. 


The 
minus 
sign is derived from 
the 02 
output. 
The 
decimal point 
brightness is controlled 
by resistor RDP. 
Since the 
brightness and the 
type 
and size of 
LED 


display are the choice of the designer, the values of 
resistors R, RM, RDP, and RR that govern brightness are 
not given. 
During an overrange condition 
the 3% digit display is 


blanked at the BI pin on the MC14511 B. 
The decimal 
point and minus sign will 
remain on during a negative 


overrange condition. 
In addition, 
an alternate overrange 


circuit 
with 
separate LED is shown. There are leftover 


sections in either the MC75492 or MC1413. 


3% DIGIT VOLTMETER 
WITH LCD DISPLAY 
A circuit for a 3% digit voltmeter with a liquid crystal 
display is shown in Figure 13. Three MC14543B 
LCD 
latch/decoder/display 
drivers are used to demultiplex, 


decode the three digits, and drive the LCD. The half 
digit and polarity are demultiplexed with the MC14013B 
dual 0 flip-flop. 
Since the LCD is best driven by an ac signal acrossthe 


LCD, the low-frequency square wave drive for the LCD 
is derived from 
the MC14024B 
binary counter which 
divides the digit select output 
from the AID. This low 


frequency square wave is connected to the backplane of 


the 
LCD 
and 
to 
the 
individual 
segments 
through 
the 
combination 
of 
the 
output 
circuitry 
of the 
MC14543B 
and 
the 
exclusive 
0 R 
gates 
at 
the 
outputs 
of 
the 
MC14013B. 
Alternatively 
the 
square 
wave 
can 
be 
derived 
from 
a 50/60 
Hz input 
signal when 
available. 
The 
minus 
sign and 
the decimal 
point 
to the right of 
the 
half 
digit 
are 
connected 
to 
the 
inverted 
low 
frequency 
square 
wave signal. 
Unused 
decimal 
points 
are 
tied directly 
to the low frequency 
square 
wave. 
The 
system 
shown 
operates 
from 
two power 
supplies 
(plus 
and 
minus). 
Alternatively 
one 
supply 
can 
be used 
when 
VSS is connected 
to VEE. 
In this case a level must 


be set 
for 
analog 
ground, 
VAG, 
which 
must 
be at least 
2.8 
V above 
VEE. 
This 
circuit 
may 
be implemented 
with 
a resistor 
network, 
resistor/forward·biased 
diode 
network or resistor-zener diode network. For example, a 
9 
V supply 
can 
be used 
with 
3 V between 
VAG 
and 
VEE, 
leaving 
6 V for VOO to VAG. This system 
leaves a 
comfortable 
margin 
for 
battery 
degeneration 
(end 
of 
life). 
Two 
versions 
of 
this 
circuit 
for 
single 
supply 
operation 
is shown 
in Figure 
14. 


For panel 
meter 
operation 
from 
a single 5 V supply, 
a 
negative 
supply 
can 
be generated 
as shown 
in Figure 
18. 
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3Y> DIGIT 
AUTORANGING 
MULTIMETER 


An 
autoranging 
multimeter 
including 
ac 
and 
dc 


voltage 
ranges 
from 
200 mV to 200 V, ac and dc current 
from 
2 mA to 2 A fullscale 
and resistance 
ranges from 
2 
H1 to 
2 
Mn 
fullscale 
is shown 
in Figure 
15. 
In this 
multi meter 
only 
two 
input 
jacks 
are 
required 
for 
all 
ranges 
and functions, 
eliminating 
the 
need 
for changing 


leads 
on 
the 
instrument 
when 
changing 
ranges 
or 
functions. 
Although 
only 
four 
ranges 
are 
provided 
for 
each 
function, 
the 
technique 
used 
may 
be expanded 
to 
more 
ranges 
if desired. 
Range 
switching 
uses mechanical 
relays. 
However, 
the 
relays 
may 
be replaced 
with 
solid 


state 
analog 
switches. 


The 
MC14433 
provides 
the overrange 
and underrange 
control 
signals 
for 
the 
automatic 
ranging 
circuits. 
For 
additional 
information, 
see Motorola 
Application 
Note 
AN·769, 
"Autoranging 
Digital 
Multimeter 
Using 
the 
MC14433 
CMOS A/D Converter." 


PARALLEL 
BCD DATA 
OUTPUT 
CIRCUIT 


The 
output 
of the 
MC14433 
may 
be demultiplexed 
to 
produce 
parallel 
BCD 
data 
as shown 
in Figure 
16. 


Two 
levels 
of 
latches 
are 
required 
for 
a 
complete 
demultiplexing 
of 
the 
data 
since 
the 
outputs 
of 
the 


MC14042B 
latches 
change 
sequentially 
with 
the 
DS1 to 


DS4 strobe 
pulses. 
To key output 
validity 
to one leading 


edge, 
i.e., 
that 
of 
the 
EOC 
signal 
of 
the 
MC14433, 


information 
is transferred 
to 
the 
second 
set 
of 
latches 


IMC141758 
latches). 
A single 
set of latches 
can be used 
when 
reading 
of 
output 
is restricted 
to 
within 
12,000 
clock 
pulses 
after 
EOC. 
This 
requires 
synchronous 


system 
operation 
with 
respect 
to the BCD data 
bus. 


In this 
system 
the 
output 
ground 
level 
is VSS. 
In 


most 
cases, 
a two 
supply 
system 
with 
VSS connected 
to 


VAG 
is recommended. 
This 
allows 
connecting 
analog 
ground 
and digital 
ground 
together 
without 
destroying 
a 


power 
supply. 
This 
circuit 
works 
well 
with 
that 
of 


Figure 
12. 


DO 01 
02 
03 
DO 01 
02 
03 
VOO 
DO 01 
02 
03 
DO 01 
02 
03 
II 


VOO 
Pol 
MC14042B 
C 
C 
MC14042B 
Pol 
Pol 
MC140428 
C 
C 
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Pol 
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voo 


MC14175B 
C 
A 
MC141758 
C 
A 
MC141758 
C 
A 
MC141758 
C 


MSO 
LSO 


EOC 


+5 
-5 
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8 CHANNEL DATA ACQUISITION 
NETWORK 


Figure 
17 
shows an 8 
channel 
data 
acquisition 
network 
using 
the 
MC14433 
and 
an 
M6800 


microprocessor 
system. 
The 
interface 
between 
the 
microprocessor data bus and the AID 
system is done 
with an MC6820 PIA. One half of the PIA is used with 
the BCD and digit select outputs of the MC14433, while 
the second half of 
the PIA 
selects the channel to be 
measured via the MC14051B analog multiplexer. 
Control 


lines CB1 and CB2 are used for data flow control 
and 


are connected to DU and EOC of the MC14433. 


A more detailed explanation of this system including 
the 
actual 
software 
required 
for 
the 
M6800 


microprocessor may be found in Motorola Application 
Note AN-770, "Data Acquisition 
Networks With NMOS 
and CMOS." 


NEGATIVE 
SUPPLY GENERATED 
FROM POSITIVE 
SUPPLY 


When only +5 V is available, a negative supply voltage 
can be generated with the circuit of Figure 18 using one 
MC14049B. Two inverters from CMOS hex inverter are 
used as an oscillator 
("" 
3 kHz) with 
the remaining 


inverters used as buffers for higher current output. 
The 
square wave output from the oscillator is level-translated 
to a negative going signal. This signal is rectified 
and 
filtered. A VDD voltage of +5 V for the hex buffer will 
result in a -4.3 
V no load output 
voltage while the out- 


put 
with a 2 mA load is "" 3.4 V. 


voo· 
S v 
vss 
• 0 
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50~FFFN4001 
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The 
MC14435 
AID 
Logic is designed specifically 
for 
use in 


a dual-slope 
integration 
AID converter 
system. 


The device consists of 3·1/2 
digits of BCD counters. 13 memory 


latches, 
and 
output 
multiplexing 
circuitry. 
An 
internal 
clock 
oscil- 


lator 
is provided 
to 
generate 
system 
timing 
and 
to 
set 
the 
output 
multiplexing 
rate. A single capacitor is required to set the oscillator 
frequency. 


• 
on·Chip 
Clock to Control 
Digit Select, Multiplexing, 
and BCD 
Counters Simultaneously 


• 
Multiplexed 
BCD Output 


• 
Built·ln 
100·Count 
Delay for 
Accurate System Conversion of 
Low·Level Inputs 


• 
System Over·RangeOutput 


• 
Linear 
Companion 
Device 
Available 
From 
Motorola 
(MC1405L11505LI 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14435 EFl/Fl/FPI 
= 3.0 Vdc to 6.0 Vdc IMC14435EVl/Vl/VP) 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
Vdc 


- MC14435EFLlFLlFP 
+18 to -0.5 


- 
MC14435EVLlVL/VP 
+6.0 to -0.5 


Input Voltage, All Inputs 
Vin 
VOO +0.5 
Vdc 
to VSS -0.5 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature Range MCl4435EFLlEVL 
TA 
-55 to + 125 
°c 
MC14435F LlFP/vL/vP 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 
II 


2 Os'} 
_ 
Digit 
15 
~2 
Selects 
1 
OS3 


,. ao} 
13 al 
BCD 
'2 
Q2 
Outputs 


" 
03 


9~ 


7 
A.mp 


Control 


3·1/2 DIGIT 
AID LOGIC 


SUBSYSTEM 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


MC14435 
~~Uff;X 
Oenot •• 


L 
Ceramic 
Package 
P 
Plastic 
Package 
F 
·Extended 
Operating 
Voltage 
Aange 
V 
• Limited 
Operating 
Voltage 
Aange 


Blank· 
·Standard 
Operating 


Temperature 
Aange 
E 
• ·Extended 
Operating 
Temperature 
Aange 


·S •• 
Features 
<above, left) 


• ·See Maximum 
Aatings 


FUNCTIONAL 
DIAGRAM 


2 
DSl 


15 
DS2 
C 


73 
DS3 


R 


Cl 
ST 


Display 
6 
Update 


(OU) 


Comparator 
5 


(Camp) 


ST 
,. 


QO 
13 
Ql 


12 
Q2 


11 
Q3 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
hov-ever, 
it 
is 


advised 
that 
normal 
precautions 
be taken 
to avoid application of any voltage higher 
than 
maximum 
rated voltages to this high 
impedance circuit. For proper operation it 


is recommended 
that 
Vin 
and 
Vout 
be 


constrained to 
the 
range VSS 
<. (Vin 
or 


Voutl 
"VOO· 


Unused 
inputs 
must 
always 
be 
tied 
to an 
appropriate 
logic voltage 
level 
(e.g., 
either 


VSS or VDDI. 


Voo" 
Tlow. 
25°C 
Thi h* 
Characteristic 
Symbol 
Vd. 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" Level 
Vout 
5.0 
- 
0.01 
- 
0 
0.D1 
- 
0.05 
Vdc 
10 
- 
0.01 
- 
0 
0.01 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.10 


"'" 
Level 
5.0 
4.99 
- 
4.99 
5.0 
- 
4.95 
- 
Vdc 
10 
9.99 
- 
9.99 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.90 
- 


Noise 
I mmu 
ni ty 
VNL 
Vdc 
( (; Vou, •• 1.5 Vdcl 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 


( (; VOU! •• 3.0 Vdcl 
10 
3.0 
- 
3.0 
4.50 
- 
2.9 
- 


( (; VOU!" 
4.5 Vdcl 
15 
4.5 
- 
4.5 
6.75 
- 
4.4 
- 


((; Vou!" 
1.5 Vdcl 
VNH 
5.0 
1.4 
- 
1.5 
2.25 
- 
1.5 
- 
Vdc 
( (; VOU!" 
3.0 Vdcl 
10 
2.9 
- 
3.0 
4.50 
- 
3.0 
- 


((; Vou," 
4.5 Vdcl 
15 
4.4 
- 
4.5 
6.75 
- 
4.5 
- 


Output 
Drive 
Current 
IOH 
mAde 


Source - 
All outputs 
(VOH = 2.5 Vdc) 
5.0 
-0.23 
- 
-0.20 
-1.35 
- 
-0.14 
- 


(VOH = 9.5 Vdc) 
10 
-0.23 
- 
-0.20 
-0.64 
- 
-0.14 
- 


(VOH = 13.5 Vdcl 
!5 
-0.23 
- 
-0.20 
-2.35 
- 
-0.14 
- 


Sink - 
OSI. OS2. OS3 
IOL 
mAde 


(VOL = 0.4 Vdcl 
5.0 
1.60 
- 
1.60 
3.45 
- 
1.12 
- 
(VOL = 0.5 Vdcl 
10 
2.55 
- 
2.15 
6.50 
- 
1.50 
- 


(VOL = 1.5 Vdcl 
15 
8.35 
- 
7.0 
21.0 
- 
4.90 
- 


Sink - 
00. 
01. 02. 
03 
IOL 
mAde 
(VOL = 0.4 Vdc) 
5.0 
1.60 
- 
1.60 
2.55 
- 
1.12 
- 


(VO L = 0.5 Vdc) 
10 
2.25 
- 
1.90 
5.80 
- 
1.35 
- 


(VOL = 1.5 Vdcl 
15 
7.20 
- 
6.0 
18.5 
- 
4.20 
- 


Sink - 
1/20. 
RC, OR 
IOL 
mAde 
(VOL = 0.4 Vdcl 
5.0 
0.23 
- 
0.20 
0.64 
- 
0.14 
- 


(VOL = 0.5 Vdcl 
10 
0.60 
- 
0.50 
1.57 
- 
0.35 
- 


(VOL = 1.5 Vdc) 
15 
2.15 
- 
1.8 
5.5 
- 
1.25 
- 


Input 
Current 
lin 
- 
- 
- 
- 
10 
- 
- 
- 
pAdc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
- 
- 
- 
pF 
(Vin = 0) 


Ouiescent Dissipation 
Po 
mW 
(Camp Input Low) 
5.0 
- 
2.15 
- 
0.40 
1.75 
- 
1.75 
10 
- 
8.50 
- 
1.60 
6.85 
- 
6.85 
15 
- 
19.50 
- 
3.6 
15.75 
- 
15.75 


Dynamic 
Power Dissipation 
Po 
mW 
(Camp Input High) 
5.0 
- 
12.4 
- 
2.0 
10 
- 
10 
10 
- 
62.0 
- 
16.7 
50 
- 
50 
15 
- 
248 
- 
66.7 
200 
- 
200 


'Tlow 
• -55°C 
for MCl4435 
EFL. EVL; -40°C 
for MCl4435FL, 
FP, VL, VP. 
Thigh = +1250C 
for MC14435 
EFL. EVL; +850C for MC14435 
FL, FP, VL. VP. 


··Only 
5 volt $pe~ifications 
apply to MC14435 EVL. VL. VP devices. 


Voo 
Typical 


Characteristic 
Symbol 
Vdc 
All Types 
Unit 


Output 
Rise and Fall Time 
tTLH, tTHL 
5.0 
100 
ns 
10 
50 
15 
40 


Propagation Delay Time 
tPLH, 
5.0 
14 
,.. 


(Camp to all Outputs) 
tpHL 
10 
5.0 
15 
3.0 


Propagation 
Delay Time 
tPLH, 
5.0 
2.4 
~s 
(Clock to RCI 
tpHL 
10 
1.0 
15 
0.75 


Propagation 
Delay Time 
tpLH, 
5.0 
2.2 
~s 
(Clock to Digit Selects 
tPHL 
10 
0.85 


or Q outputs) 
45 
0,65 


Display Update Pulse Width 
twH 
5.0 
230 
ns 
10 
90 
15 
65 


Comparator 
Pulse Width (Low Statel 
twL 
5.0 
11.5 
~s 
10 
4.5 
15 
2.5 


The 
MC14435 
contains 
the 
clock, 
BCD counters, 


latches, BCD multiplexing, 
and control 
circuitry 
for a 
3·1/2 digit 
A to D converter. 
In conjunction 
with the 
MC1505 analog subsystem a multiplexed 
A to D can be 
implemented in three 16·pin packagesasshown in Figure 5. 


Two connections are required between the analog sub- 


system (MC1505) and the logic subsystem (MC14435). 
These two connections are the comparator input (Comp) 
and the ramp control output 
(RC) of the MC14435, The 
clock and counters operate whenever the comparator line 
is high. After 1000 counts from the clock, the RC output 


goes high, switching the integrator 
input from 
the un- 


known current to the reference current. 
When the inte- 


grator output falls below the threshold levelthe comparator 
line goes low, inhibiting 
the clock and ending the con· 


version cycle. 
The BCD content of the counters is then 
strobed into the latches, the counters reset, and the oon- 
version cycle starts over. 
After the RC line goes high, the next 100 pulses are 
subtracted, compensating for the offset produced by the 
analog subsystem. The three BCD latch outputs are multi· 
plexed into a single4-line output, The multiplex frequency 


is the same as the clock 
frequency. 


The 
internal 
oscillator 
requires 
a capacitor 
between 


pins 
3 and 
4. Figure 
1 shows 
a curve 
of output 
frequency 


versus capacitance 
value for determining 
the desired 
system 


clock 
frequency. 
An 
external 
clock 
oscillator 
may 
be 


used 
by 
removing 
the 
clock 
capacitor 
and 
connecting 


the 
external 
signal 
to 
pin 
3 
(negative 
edge 
trigger), 
or 


pin 4 (positive 
edge trigger). 


The 
Displav 
Update 
input 
IOU) 
is used 
to 
control 
the 


rate 
of display 
of the BCD 
multiplexed 
outputs. 
If the 
DU 
input 
is held 
high, 
the 
system 
makes 
conversions 
contin- 


uously 
and 
strobe~ 
each 
conversion 
into 
the 
memory 


latches 
to be multiplexed 
out. 
If the 
DU input 
is held 
low, 


after 
one 
conversion 
has been entered 
into 
the latches, 
all 


, 


030 ,----------------- 
1/200 


15 Vdc 
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me 
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u 
~ 
0.001 
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;3 
8°.0001 
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f, FREQUENCV 
1Hz) 


other 
conversions 
will 
be 
blocked 
from 
entering. 
By 


synchronizing 
the 
DU 
input 
with 
the 
system 
clock, 
the 


rate 
of 
displayed 
output 
updating 
can 
be 
controlled. 


The 
3·digit 
multiplexed 
BCD 
pins 
11, 
12, 
13, and 
14 


are 
low 
for 
a BCD 
word 
of 
"zero", 
while 
the 
digit 
select 


lines 
are normally 
high 
and 
go low 
for 
the individual 
digit 


selection. 
The half·digit 
output 
(pin 
101 is in the 
logic 
"1" 


state 
whenever 
the 
input 
voltage 
is greater 
than 
1.0 volt. 


When 
the input 
voltage 
is greater 
than 
2.0 volts, 
pin 
9 goes 


low 
after 
2100 
counts 
are reached 
during 
the ramp 
down 


portion 
of the conversion 
cycle, 
or 3100 
total 
counts. 
The 


overrange 
(OR) 
pin 
remains 
in 
this 
condition 
until 
the 


counters 
are 
reset 
and 
the 
next 
conversion 
cycle 
starts. 


INPUTS 


Comp 
DU 
FUNCTIDN 


0 
x 
BCD Counter 
is held reset to "0". 
DIgIt Select Counter 
ISheld reset to OS 1 


Previous count 
is held in latches 
Clock oscillator 
is inhibited, 
AC and OR are held reset. 


J 


X 
Clock oscillator 
starts 


BCD counter 
begins counting 
clock. 
Digit Select counter 
runs, operating 
output 
multiplexing. 


Previous count 
is held in latches. 


'L 
, 
Clock oscillator 
is inhIbited. 


New count 
is strobed 
from 
the first 
BCD 
Counter 
Into latches. 


BCD counters 
are reset. 


Digit 
select counter 
is reset to OS1. 
AC and OR 
are reset 


\..... 
0 
The first 
negative edge of Comp after 
DU is brought 
low 
produces 
the same results as if au was high. On subsequent 
cycles of Comp the Clock oscillator. 
BCD counters, 
and 
DigIt Select counter 
operate 
normally. 
but no further 
latch 
strobes occur. 
RC and OR 
are reset. 


"- 


"- 
"- ~ 
••.•.....•.. 


••.•.....•.. 


.......... 


-....:...:. , 


za 
~ 
10 
"'g 


>-uz 
~ -10 
~ 
~ -20 


The dual ramp A to 0 system is an Integrating con- 
verter 
whose output 
is relatively 
independent 
of 
both 
clock frequency and integrator capacitor value. The timing 
diagram shows a typical 
conversion cycle for 
the dual 
ramp system. A 
block 
diagram of the basic system is 
shown 
in 
Figure 3 of 
the data sheet. The 
up ramp 
voltage is created by charging an integrator capacitor with 


a 
constant 
current 
whose 
value 
is proportional 
to 
the 
unknown 
input voltage. This time period (Tl) 
lasts for a 
fixed 
number of clock pulses. which in the case of the 


MC14435 is 1000 clock pulses. The voltage on the output 


of 
the 
integrator 
at this 
point 
is proportional 
to the 
input 


voltage. 
After 
this 
fixed 
time 
period 
the 
ramp 
direction 
is 


reversed 
by 
switching 
the 
integrator 
capacitor 
input 
to 
a 
reference current 
which 
is the opposite polarity 
of the 


input 
current. 
The 
integrator 
capacitor 
is discharged 
until 
the output voltage reachesthe comparator threshold value. 
This variable 
time 
period 
(T2) 
is proportional 
to the 


unknown 
input 
voltage. 
The 
unknown 
input 
voltage 
is the 


product 
of the reference voltage and the ratio of T2 to 


Tl 
or T2 = Tl 0~' 


When the input voltage to the basic dual ramp system 


is zero 
or near 
zero 
the 
integrator 
current 
during 
the 
ramp 


up 
time 
period 
is zero 
or 
near 
zero. 
In 
this 
case 
the 


ramp 
down 
period 
would 
be very 
short. 
Thus 
any 
noise 
in 


the 
system 
could 
cause delay 
in the comparator 
line going 


low 
and 
cause 
instability 
in 
low 
voltage 
readings. 
The 


problem 
is eliminated 
by 
adding 
a fixed 
offset 
current 
to 


the 
unknown 
current 
and 
subtracting 
out 
the 
equivalent 


number 
of 
counts 
in 
the 
digital 
counters 
to 
compensate 
for the offset 
current. 
With this technique the A to 0 


always 
has at 
least 
a minimum 
number 
of 
counts 
on 
the 


counters 
with 
a zero 
input 
voltage. 
In 
the 
case 
of 
the 


MC14435 the number of pulses subtracted 
out 
is 100 


pulses; e.g_,the down ramp is 100 pulses longer than T2_ 
For additional 
information 
consult the MC1505 (Ana- 


log Subsystem) data sheet 


~ 


OooT~~on" 
~'~2-l1 
~ 
T2{max) 
__ 


TO 
2000 
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100 
Count· 
I 
I 
L 
L 


10 k 
Full 
Scale 
Calibration 


Full 


Scale 
100 
Trim 


II 


"'VOD 
+VaD 


QO 
'6 
14 


Q, 
10 
Quad 
'3 
Segment 
11 
'4 
Driver 
12 
MC75491 
Q2 
, 2 
, 2 
10 
MC14543 


Q3 
' 3 
4 
2 
6 913-= 


11 
4 


15 


'4 


Notes: 


Common 
Anode 
Displays 
afe 
used in this example. 


VOIS 
may 
be 
lower 
than 
VOO 
to conserve power. 


Use 
the 
following 
formula 
to 
calculate 
the 
value 
of 
RL, 
the 
current 
limiting 
resistor: 


RL'" 
VOIS-VLED 


ILED 


, 
Where: 
VLED 
is the forward 
voltage 
drop 
of 
the 
LED 
and 


I LE 0 is the desired 
current. 


(This 
assumes the 
voltage 
drop 
across 
the 
saturated 
bipolar 
tran· 
5.0 
k 
sistor 
drivers 
to 
be negligible). 


Quad 
Segment 
Driver 
3/4 


MC75491 


® MOTOROLA 


The MC14440 
utilizes 
complementary 
MOS processing to give 
micropower 
performance 
for 
watch 
and clock 
applications. 
This 
circuit 
provides hours and minutes information 
during normal use. 


On demand, 
the 
seconds and date of the month 
are displayed 
sequentially. 
A 
112-Hz flashing colon 
is provided to separate the 
hours and minutes. 


All timekeeping 
registers in the MC14440 can be set at a 1-Hz 
rate 
by enabling the appropriate 
setting pin 
(hours, minutes, or 
days). The seconds register is set to zero when minutes are set; the 
start pin must be enabled to begin timekeeping. 


The MC14440 
oscillator 
section is driven by a 32-kHz crystal, 
biasing capacitors and resistors, and a 1.58-V battery. Outputs are 
supplied to drive a diode-capacitor 
voltage converter that provides 
the drive for the high voltage (3.8 V typical) 
portion 
of the circuit 
and the liquid crystal display. 


• 
Low Current Drain - 
5.0 IlA typical 
• 
Single CMOS Chip 
• 
On-Chip Oscillator (Uses32.768-kHz Crystal) 
• 
Diode Input Protection 
• 
Operates from Single 1.58 Vdc Battery 
• 
Frequency Outputs for DC-DC Up-Converter 
• 
Directly Drives a Liquid Crystal Display (L.C.D) 
• 
Hours, Minutes, Seconds, Date of Month Display Capability 


MC14440 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715 


ZSUFFIX 


LEAD 
LESS 
CERAMIC 
PACKAGE 


CASE 
703 


NOTE: 
NOT RECOMMENDED FOR NEW DESIGNS 
• 


ANALOG 
TO DIGITAL 
CONVERTER 
LINEAR 
SUBSYSTEM 


The MC14443 
and the MC14447 devices are 6 channel. single 
slope. 8-10 
bit 
analog to digital 
converter linear subsystems for 


microprocessor 
based 
data 
and 
control, 
systems. 
Contained 
in both 


devices 
are 
a one 
of 
8 
decoder, 
an 
8 channel 
analog 
multiplexer, 


a buffer 
amplifier, 
a precision 
voltage 
to current 
converter, 
a ramp 
start circuit. 
and a comparator. The output 
driver of the MC14443 


comparator 
is an 
open-drain 
N-channel 
capable 
of 
sinking 
up 
to 
5 mA of current. The output 
of the MC14447 comparator 
has a 
standard B-SeriesP-channel. N-channel pair. 
A 
processor 
system 
(such 
as the 
MC6800, 
MC141000 
or 
MC3870) provides the addressing. timing. counting, and arithmetic 


operations 
required 
for 
implementing 
a 
full 
analog 
to 
digital 
converter 
system. 
A system 
made 
up of a processor 
and the linear 


subsystem 
has features 
such 
as automatic 
zeroing 
and variable 
scaling 
(weighting) of six separate analog channels. 


• 
Quiescent Current 0.8 mA Typical at VOO = 5 V 


• 
Single Supply Operation +4.5 to + 18 Volts 


• 
MPU Compatible 


• 
Typical Resolution - 8 8its 


• 
Typical Conversion Cycle as Fast as 300 J1S 


• 
Ratio 
Metric 
Conversion 
Minimizes 
Error 


VOD 
= Pin 14 


VSS"" 
Pin 
5 


MC14447 


MICROPROCESSOR BASED 
ANALOG 
TO DIGITAL 
CONVERTER 


l SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Suffix 
Denotes 


T - L 
Ceramic 
Package 
L. P 
Plastic 
Package 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to 
high 


static 
voltages 
or 
electric 
fields; 
however, 


it 
is advised 
that 
normal 
precautions 
be 


taken 
to 
avoid 
application 
of 
any 
voltage 


higher 
theln 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For 
proper 


operation 
it 
is recommended 
that 
Vin 
and 


Vout 
be 
constrained 
to 
the 
range 
VSS 
:10;; 


(Vin 
or Vout) 
~ 
VOO' 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-05to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-05 
to VDD 
+ 05 
Vdc 


DC 
Current 
Dratn 
per Pm 
I 
10 
mAdc 


Operating 
Temperature 
Range 
TA 
°c 
-40 
to +85 


Storage 
Temperature 
Range 
T stg 
-65 to +150 
°c 


VDD 
Tlow 
25°C 
Thi 
h 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage-Comparator 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0.01 
0.05 
- 
0.05 
Vdc 


Vin 
@ Pin 4 '" 0 V 
10 
- 
0.05 
- 
0.01 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0.01 
0.05 
- 
0.05 


Vin@Pin4==1.0V 
"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
4.99 
- 
4.95 
- 
Vdc 
(RL = 10 k, MC14447 onlyl 
10 
9.95 
- 
9.95 
9.99 
- 
9.95 
- 


15 
14.95 
- 
14.95 
14.99 
- 
14.95 
- 


Input 
Voltage-Address, 
Ramp 
Start 
"0 
Level" 
V,L 
Vdc 


(VO = 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO = 9.0 0,1.0 
Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.50' 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
V,H 
Vdc 
(VO = 0.5 0' 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 0' 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 0< 13.5 Vdcl 
15 
1'.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current-Comparator 
'OH 
mAdc 


Vin@ 
Pin 4 = 1.0 
V 
(MC14447 
only) 


(VOH 
= 2.5 Vdcl 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


Vin 
@ Pin 4 '" 0 V 
'OL 
mAdc 
(VOL 
= 0.4 Vdcl 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current-Address, 
Ramp 
Start 
lin 
15 
- 
'0.3 
- 
- 
• 0.3 
- 
• 1.0 
}JAdc 


Input 
Current-Analog 
Inputs 
lin 
15 
- 
- 
- 
t 0.1 
• 10 
- 
- 
nAdc 


Input 
Capacitance-Address, 
Ramp 
Start 
Gin 
15 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Vin 
= 
0 V 


Quiescent 
Current 
'DD 
5 
- 
- 
- 
0.8 
- 
- 
- 
mAde 


10 
- 
- 
- 
1.5 
- 
- 
- 


15 
- 
- 
- 
1.7 
- 
- 
- 


Crosstalk 
Between 
Any 
Two 
Input 
Channels 
VC, 
- 
- 
- 
- 
0 
4.0 
- 
- 
mVdc 


Reference 
Current 
Range 
'R 
- 
- 
- 
10 
- 
50 
- 
- 
}JAde 


Common 
Mode 
Input 
Voltage 
VCM 
5 
- 
- 
0 
- 
2.5 
- 
- 
Vdx 


10 
- 
- 
0 
- 
7.0 
- 
- 


15 
- 
- 
0 
- 
12 
- 
- 


Buffer 
Amplifier 
Output 
Offset 
Vao 
5 
- 
- 
- 
0.285 
- 
- 
- 
Vdc 


10 
- 
- 
- 
0.400 
- 
- 
- 


15 
- 
- 
- 
0.420 
- 
- 
- 


Comparator 
Threshold 
VTC 
5 
- 
- 
- 
0.195 
Vao 
- 
- 
Vdc 
10 
- 
- 
- 
0.275 
Vao 
- 
- 


15 
- 
- 
- 
0.290 
VRO 
- 
- 


Reference 
Voltage 
Range 
VR 
5 
- 
- 
2.0 
- 
2.5 
- 
- 
Vdc 
10 
- 
- 
2.0 
- 
7 
- 
- 


15 
- 
- 
2.0 
- 
12 
- 
- 


Conversion 
linearitY 
LC 
- 
- 
- 
- 
0.15 
0.3 
- 
- 
% Full 


Vin 
==VOO 
- 
3 V for 
C > 100 
pF 
Scale 


Characteristic 
Sumbol 
VOO 
Min 
Typ 
Max 
Unit 
Vdc 


Output Rise Time-Comparator 
IMC14447 
only) 
tTLH 
5.0 
- 
120 
240 
ns 


10 
- 
75 
150 
15 
- 
65 
130 


Output Fall Time-Comparator 
tTHL 
5.0 
- 
250 
500 
ns 


10 
- 
350 
700 


15 
- 
650 
1300 


Propagation Delay Time-Comparator 
MC14443 
tPLH 
5.0 
- 
550 
1100 
ns 
IRL ~ 10 k to VDD) 
10 
- 
500 
1000 


15 
- 
550 
1100 


tpHL 
5.0 
- 
350 
700 
ns 


10 
- 
300 
600 


15 
- 
300 
600 


MC14447 
tpLH 
5.0 
- 
600 
1200 
ns 


10 
- 
475 
950 
15 
- 
500 
1000 


tpHL 
5.0 
- 
450 
980 
ns 


10 
- 
540 
1080 
15 
- 
750 
1500 


Multiplexer Propagation Delay 
tM 
5.0 
- 
180 
360 
ns 


10 
- 
125 
250 
15 
- 
110 
220 


Ramp Start Delay Time 
'TS 
5.0 
- 
40 
80 
ns 


10 
- 
25 
50 
15 
- 
20 
40 


Acquisition Time· 
tA 
5.0 
- 
30 
60 
'" 
C~ 
loo0pF 
10 
- 
15 
30 


R ~ 100 kw 
15 
- 
14 
28 


ADDRESS 
INPUTS 
SELECT 
(AD, A1, 
A2, 
Pins 
1, 2, 
161 
The 
input 
voltage 
source 
to be presented 
to the 
measurement 
system 
according 
to the 
Truth 
Table 
shown 
in Figure 
3. 


RAMP 
START 
(Ramp 
Start, 
Pin 3) 
When 
the 
Ramp 
Start 
is low, the ramp capacitor 
is charged 
to a voltage 
associated 
with 
the 
selected 
input 
channel. 
When 
the 
Ramp 
Start 
is brought 
high,the 
connection 
to the 
input 
channel 
is broken 
and 
the 


capacitor 
begins to ramp 
toward 
VSS. 


RAMP 
CAPACITOR 
(Ramp 
Cap, Pin 4) 
The ramp capacitor 
is used to generate 
a time 
period 
when 
discharged 
from a selected 


voltage 
via a precise 
reference 
current. 


REFERENCE 
CURRENT 
(Ref 
Current, 
Pin 6) 
To discharge 
the 
ramp 
capacitor, 
the reference 
current 
is fixed via a resistor 


(RRefl 
to a positive 
supply 
from 
pin 6. Typical 
current 
is equal 
to (VDD - VRef)/RRef. 


COMPARATOR 
OUTPUT 
(Camp 
Out, 
Pin 7) 
This 
output 
is low when 
the capacitor 
has reached 
the discharged 
voltage 
and 
is high otherwise. 


REFERENCE 
VOLTAGE 
(Ref 
Voltage, 
Pin 8) 
This voltage 
can be set to a voltage 
between 
VSS + 2 V and VDD - 2 V. This 


is the 
known 
voltage 
to which 
the 
unknown 
is compared. 


INPUT 
CHANNELS 
(Pins 9, 10,11,12,13,15) 
Input 
channels 
1 through 
6 are used to monitor 
up to six separate 
unknown 


voltages. 
Selection 
is via the 
address 
inputs. 


Address 
Lines 1 


from 
the 


Microprocessor 


Aamp start 
from 
the 
Microprocesso 


Comparator 
Output 
to 
Microprocesso 


(VBO)count 
EO 
to 


(VX 
1" VBO)count 
= tx 


(VA 
+ VBO'count 
= tA 


(VA)count 
- tA 
to 


(VX)count 
= tx 
- 
to 


Voltage 
at 0 V Input· 
(VOO) 


Comp 
Aef (VTC) 


A2 
Al 
AO 
Input 
Selected 


0 
0 
0 
VSS 
Channe~ 0 (ground) 


0 
0 
1 
Chl 
Channell 


0 
1 
0 
Ch2 
Channel 
2 


0 
1 
1 
Ch3 
Channel 
3 


1 
0 
0 
Ch4 
Channel 
4 


1 
0 
1 
Ch5 
Channel 
5 


1 
1 
0 
Ch6 
Channel 
6 
, 
1 
1 
VRef 
Channel 
7 (External 
Reference) 


1 
16 
I 


2 
'5 
I 
~ 
Ramp Capacitor 
3 
M~ 
14 
.... 
r---1E--4 
.... 
13 
, 
.... 


Aref 
5 
UU 
12 
-=- 
:; :; 
6 
11 


7 
10 
, 


8 
9 


Channel 
1 


Channel 
2 


Channel 3 


Channel 4 
} 


Unknown 
Analog 
Voltage 
Inputs 


Step 
No. 
A2 
Al 
A3 
Ramp 
Start 
Comment 
1. 
1 
1 
1 
0 
Channel 
7 Selected 
(Reference 
Voltage) 


2. 
1 
1 
1 
1 
Record 
time 
until 
Pin 7 goes low 


3. 
0 
0 
0 
0 
Channel 
0 Selected 
(Ground) 


4. 
0 
0 
0 
1 
Record 
time 
until 
Pin 7 goes low 


5. 
0 
0 
1 
0 
Channell 
Selected 


6. 
0 
0 
1 
1 
Record 
time 
until 
Pin 7 goes low 


Calculate 
tCh7 
- tChO = tChi 
Step 2-Step 
4 


Calculate 
tChl 
- tChO = tChl' 
Step 6-Step 
4 


Calculate 
Vunknown 
- VCh7(tChl'/tCh7') 
7. 
I 
0 
I 
I 
0 
Channel 
2 Selected 


8. 
I 
0 
I 
I 
1 
I 
Record 
time until 
Pin 7 goes low 


Calculate 
tCh2 - tChO = tChi 


Calculate 
Vunknown 
'= VCh7 
(tchi1tCh7') 
etc. 


• 


• 


OSCILLATOR/216 
DIVIDER/BUFFER 
with Integrated Feedback Capacitor 


The MC14450 consists of an oscillator, 16-stagedivider, and two 


buffers 
in 
a 
single 
monolithic 
structure. 
This 
circuit 
employs 
complementary MOSdevicesfor low-voltage operation and extremely 
low power dissipation. 
It finds primary 
use in crystal controlled 


timing 
circuitry, 
and 
is particularly 
suited 
for 
wristwatch 
and 
low- 


voltage 
clock 
operation. 
The oscillator section has an output capacitor integrated on the 
chip. The addition of a crystal, an input capacitor, and a feedback 


resistor 
is all that 
is necessary 
to complete 
the oscillator 
circuit. 


The divider 
section consists of a 16-stage binary divider. Two 
outputs are provided, 180 degreesout of phase. The outputs of the 
last six 
stages 
of 
the 
divider 
are used 
to gate 
the output 
pulses, 
providing narrow output pulse widths. Both outputs are buffered to 


provide 
fast 
rise and 
fall 
times, 
and 
to 
maximize 
energy 
transfer 
to 
the load for the pulse duration. 


The MC14450 utilizes a 1.58 volt silver oxide battery, and provides 
peak output 
pulse voltages of 
more than 1.20 volts with 
a 5.2 
kilohm load. 


This device provides a divide-by-65,536 
function 
and can be 
operated at frequencies to 1.0 MHz. When operated at 32.768 kHz, 
it provides 0.5 Hz, 1.563% duty cycle alternating output pulses. 


• 
Extremely Low Operating Current Consumption: 4.0 /lA Typical 
• 
Typical Power Supply = 1.58 V 


• 
Inverting Amplifier with Integrated Feedback Capacitor 
• 
Gated and Buffered Outputs 


• 
Diode Protection on Input 
• 
High Output Drive at Low Voltage 


OSCILLATOR/216 
DIVIDER/ 


BUFFER 


L SUFFIX 


CERAMIC 
PACKAGE 
CASE 688 


This 
device contains circuitry 
to 
protect 


the inputs against damage due to high static 
voltages or 
electric 
fields; 
hOV\ever, it 
is 
advised that normal 
precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 


impedance circuit. 
For proper operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range VSS 
,,;;;;(Vin 
or 


Vout) '" VDD· 
Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 
VSS or VOOI. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
+3.0 to -0.5 
Vdc 


Input Voltage, All Inputs 
Vin 
VOO +0.5 to 
Vdc 


VSS -0.5 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature Range 
TA 
o to +50 
°c 


Storage Temperature Range 
Tstg 
-30 to +85 
°c 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power Supply Operating Range 
VOO 
1.3 
1.5 
3.0 
Vdc 


Output Voltage (No Load) 
VOH 
1.4 
1.5 
- 
Vdc 


VOL 
0.0 
0.1 
Vdc 


Output Drive Current 
1VOH = 1.3 Vdcl 
IOH 
700 
- 
- 
/JAde 
(VOL 
= 0.2 Vdcl 
IOL 
lUOO 
/JAde 


Input Current 
lin 
- 
0.00001 
- 
,uAdc 


Quiescent Device Current 
IQ 
- 
- 
1.0 
,uAdc 


Dynamic Device Current 
100 
,uAdc 


{f = 32.768 
kHz. No Output 
Load} 
Square Wave. Pin 2 
- 
2.6 
7.0 


MTQ32A 
Crystal 
- 
4.0 
- 


Minimum Voltage Required for Oscillator Start 
VOOS 
- 
1.4 
1.5 
Vdc 


Feedback Oscillator Capacitance 
Cout 
- 
20 
- 
pF 


PWMO. MOTOR ORIVE PULSE WIOTH = 0.01563 T 


OUTPUT PERIOO T = 
65536 


• 
INPUT FREQUENCY 


• 


E 


lOOSC"'lP'''11 


11M 


10 
O~COUI 
IPIiI 
I 


_ 
100 
~~ 
z~~ 
=> 
~ 
10 
o 
0;o 
oo 


~ 
~ 
- 
f== 


IIII 
f= 


VOO ~ 1.58 V 7 
~ 


MOTOROLA 
MTQ32A 
CRYSTAL 
IAICl) ~ 31768 kHl 


RS' 
30 k~! 


Co 
I,g pF Typical 


C1 ~ 0 0056 pF Typical 


APPLICATIONS 
INFORMATION 


Figure 4 illustrates a typical wristwatch system. The MC14450 drives a rotary motor which 
rotates 1800 with each input pulse. 


..L 
VOO 
~16 
--, 


-= 
I 
I 


1 I 
I 


1--' -G.. 
I 0-1- : L:. 


ArnolDI I 
ROTOR 
I 
••••• 


I 
I 
WATCH 


I 
FlElO: 
MOVEMENT 


I 
L ~OTOR 
-.J 
I 
~ 
I 
~ _ 
~ 
-!.."'!.:RS-.J 


Van" 
Voltage 
al pin 4 


mmUS\/Olt3geat 
pmS 


RrnolDI 
" 5.2 
k!l 
mm,mum 
!-,0'--rI.0'--l1-0.03115' 


vL, =rl 
n_ 
t 
u 
I 


CirCuit 
dIagrams 
utilIZing 
Motorola 
products 
are 
,ncluded 
as a means 


at 
tlluStrilting 
typical 
semIconductor 
applications. 
consequently 
complete 
,nformatlon 
suffiCIent 
for 
construction 
purposes 1$not 


necessarily gIven 
The ,nfOrmatlon 
has been carefully 
checked and 


IS 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility is 
assumed 
for 
inaccuracIes. 
Furthermore, 
such 
Information 
does 
not 


convey 
10 
the 
purchaser 
of 
the 
semiconductor 
devices 
described 
any 
license 
under 
the 
patent 
fights 
of 
Motorola 
t nc. 
or 
others. 


rKI 


Lb:::d 
t 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
5.97 
7.11 
0235 
0180 


8 
4.31 
5.71 
0.170 
0.115 
e 
1.17 
1.91 
0046 
0.075 


0 
0.15 
0.51 
0.010 ~ 


F 
0.08 
0.15 
0.003 
0.006 


G 
1.17 Bse 
0.050 Bse 


H 
0.13 
0.B9 
0.005 
0.035 


K 
1.90 
3.05 
0.075T0.l10 


N 
0.B9 
1.52 
0.035 
I 0.060 


.~i'-r 


-, 
B 
j 


NOTES 
1. LEADS, 
TRUE 
POSITIONED 


WITHIN 
0.13 mm 10.005) RADIUS 
TO DIM "AU & "8" 
AT MAXIMUM 
MATERIAL 
CONDITION 


.~:-f-J 
, 
f 
B 
• 
I 
1 


! 
t 
C 
r 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
5.69 
6.35 
0.224 
0.250 


8 
4.06 
5.08 
0.160 
0.200 
C 
1.17 
1.90 
0.046 
0.075 


D 
0.38 
0.51 
0.015 
0.020 


F 
0.20 
0.30 
0.008 
0.012 


G 
1.22 
1.32 
0.048 
0.052 


H 
0.13 
0.89 
0.005 
0.035 


K 
2.34 
2.84 
0.092 
0.112 


N 
0.89 
1.14 
0.035 
0.045 


Due 
to 
die 
cleavage 
angles. 
the 
actual 
size of the chip 


could 
be up to 7.0 mils 10.'7 
mm) 
larger than indicated 


in both 
dimensions. 


• 


OSCILLATOR/211 
to 219 DIVIDER/BUFFERED 
DUTY CYCLE CONTROL 


The MC14451 consists of three sections: an oscillator, an 18-stage 
divider, and a buffered flip-flop 
for pulse width control and current 


sink drive. These circuits employ metal-gate complementary MOS de- 


vices for low-voltage 
operation 
and extremely 
low 
power 
dissipation. 
A wide variety of output 
pulse widths and frequencies can be 
obtained 
using the 
pulse-width-control 
flip-flop_ 
The number of 


combinations 
can 
be 
further 
increased 
by 
the 
variety 
of 
crystal 


frequencies 
or R-C networks 
used with 
the 
oscillator 
section. 


The buffered 
output 
of the duty-cycle-control 
flip-flop 
consists 
of an N-channel MOSFET for maximum current sinking capability 
and a P-channel active pullup 
device_ Outputs 
from 
the 18-stage 


divider 
section 
provide 
a negative 
logic 
binary 
count. 
Applications 
of 
the 
MC14451 
include 
power-off 
timers, 
low- 


power-consumption 
timers 
especially 
suited 
for 
battery 
applications, 


elapsed 
timers, 
wall 
clocks, 
auto-timers 
for 
feeding 
systems, 
fuse 


timers, 
incubator 
timers, 
weather 
measurement 
equipment, 
and 
many 


other 
battery 
or low-power 
applications. 


• 
On-Chip Duty Cycle Control 
• 
Buffered Duty Cycle Control Output 
• 
On-Chip Oscillator 


• 
Low Power Consumption - 20 IlW typical 
@ 1.5 Vdc 


and f = 262 kHz 


• 
Operating Supply Voltage Range = 1.3 to 3.0 Vdc 


• 
Diode 
Protection 
on 
Inputs 


Driver 
6 
1 k 


Input 


Duty 
7 
1 k 
Cycle 
Reset 


OSCILLATOR/211 
to 219 DIVIDER/ 


BUFFERED 
DUTY 
CYCLE 


CONTROL 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltages 
VOO 
+3.0 '0 -0.5 
Vdc 


Input Voltage, All Inputs 
Vin 
VDD+O.5 
to 
Vdc 


VSS -0.5 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature Range 
TA 
-10to+60 
°c 


Storage Temperature Range 
Tstg 
-30 to +85 
°c 


This 
device contains circuitry 
to 
protect 


the inputs against damage due to high static 
voltages or electric 
fields; 
hovvever, it 
is 
advised that 
normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. For proper operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range VSS 
" 
(Vin 
or 


Vout) "VDD· 
Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., 
either 


VSS or VOOI. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power Supply Operating Range 
VoO 
1.3 
1.5 
3.0 
Vdc 


Output Voltage 
VOH 
1.38 
1.5 
- 
Vdc 


VOL 
- 
0.0 
0.2 
Vdc 


Output Drive Current 
'OH 
,uAdc 
(VOH' 
1.3 Vdc) 
Divider Outputs 
-8.0 
-25 
- 


Duty Cycle Control Output 
-8.0 
-25 
- 


(VOL' 
0.2 Vdc) 
Divider Outputs 
IOL 
15 
. 50 
- 
,uAdc 


Duty Cycle Control Output 
400 
1200 
- 


Input Current 
lin 
- 
0.00001 
- 
,uAdc 


Quiescent Device Current 
IQ 
- 
1.0 
15 
,uAdc 


Dynamic Device Current 
100 
- 
20 
200 
,uAdc 
(f ""262.144 
kHz, no output load) 


Minimum Voltage Required for Oscillator Start 
VOOS 
- 
1.2 
1.5 
Vdc 


Crystal Specification 


(MTF26220) 


fA(CL) 
= 
262.144 
kHz 


AS S; 1.5 
kSl. 


Q ~20 
k 


Co = 8.0 pF Typical 
C, 
= 0.025 
pF Typical 


Crystal Specification 
IMTQ3220) 
fA(CL) 
• 
32.768 
kHz 


ASS30kn 


Q ~40 
k 


Co = '.9 pF Typical 


C 1 '" 0.0056 
pF TYPIcal 


20 
21 
28 
29 
210 
211 
3072 
212 
5120 
6144 
7168 
213 
214 
215 
216 
217 
218 
219 


Dscin L.fUlS --liU 
U U LJU U U lili 
U U UD 15L 


011 
~~ 
,-------,r I 
I 
.J I 
I S 


0100011 
l-J 
LJ I 
I 
S S S I 


012 
'--- 
---I, 
I I I 
I I S 


013-------------------------------LJ 
S 
S I 
S 
...r 


014 
LJ 
S S S S 


015 
LJ S I I 


016 
LS ..J S 


017 
LJ 
J 


018 
LJ 


Chip 
geometry 
subject 
to change 


without 
notice 
as modifications 
are made. 


Due to die cleavage angles, the actual 
size of the chip 
could 
be up to 7.0 mils 
(0.17 
mm) 
larger 
than 
indi- 


cated 
in both dimensions. 


Pin 6 
Pin 7 (Duty 
Cycle 
Reset) 
Connected 
To: 


(Driver 


Input) 


Connected 
Pin 1 
Pin 2 
Pin 15 
Pin 
14 
Pin 
13 
Pin 
12 
Pin 11 
Pin 
10 
Pin 9 


To: 
Characteristic 
011 
ala- all 
012 
013 
014 
015 
016 
017 
018 


Pin 9 
Pulse Width 
3.9ms 
5.85ms 
7.8ms 
15.62ms 
31.25ms 
62.5ms 
125ms 
250ms 
500ms 


0'8 
fout 
1 H, 
1 H, 
1 H, 
1 H, 
1 H, 
1 H, 
1 H, 
, H, 
, H, 


Pin 
10 
Pulse Width 
3.9ms 
5.85ms 
7.8ms 
15.62ms 
31.25 
ms 
62.5 
ms 
125ms 
250ms 
017 
fout 
2 H, 
2 H, 
2 H, 
2 H, 
2 H, 
2H, 
2 H, 
2 H, 


Pin 
11 
Pulse Width 
3.9 ms 
5.85ms 
7.8ms 
15.62ms 
31.25 
ms 
62.5 
ms 
125ms 
016 
fout 
4 H, 
4 H, 
4 H, 
4 H, 
4 H, 
4 H, 
4 H, 


Pin 12 
Pulse Width 
3.9 ms 
5.85ms 
7.8ms 
15.62 
ms 
31.25 
ms 
62.5ms 
0'5 
fout 
8 H, 
8 H, 
8 H, 
8 H, 
8 H, 
8 H, 


Pin 
13 
Pulse Width 
3.9ms 
5.85ms 
7.8ms 
15.62ms 
3125ms 
014 
fout 
16 Hz 
16 Hz 
16 Hz 
16 Hz 
16 Hz 


Pin 14 
Pulse Width 
3.9 ms 
5.85ms 
7.8ms 
15.62ms 
613 
fout 
32 Hz 
32 Hz 
32 Hz 
32 Hz 


Pin 15 
Pulse Width 
3.9ms 
5.85ms 
78ms 
012 
fout 
64 Hz 
64 Hz 
64 Hz 


Pin 1 
Pulse Width 
3.9ms 


011 
fout 
128 Hz 


Pin 6 
Pin 7 (Duty 
Cycle 
Resetl 
Connected 
To: 


(Driver 


Input) 


Connected 
Pin 1 
Pin 2 
Pin 
15 
Pin 14 
Pin 
13 
Pin 
12 
Pin 
11 
Pin 
10 
Pin 9 


To: 
Characteristic 
011 
ala- all 
012 
013 
014 
015 
0,6 
017 
018 


PIn 9 
Pulse Width 
31.3 
ms 
46.8 
ms 
62.5ms 
125ms 
250ms 
500ms 
1000 ms 
2000 
ms 
4000 
ms 
618 
fOUl 
0125 
Hz 
0.125 
Hz 
0.125 
Hz 
0.125 
Hz 
0.125 
Hz 
0.125 
Hz 
0.125 
Hz 
0.125 
Hz 
0.125 
Hz 


Pin 
10 
Pulse Wtdth 
31.3 
ms 
46.8 
ms 
62.5ms 
125ms 
250 ms 
500ms 
1000 ms 
2000 
ms 
617 
fOUl 
0.25 
Hz 
0.25 
Hz 
0.25 
Hz 
0.25 
Hz 
0.25 
Hz 
0.25 
Hz 
0.25 
Hz 
0.25 
Hz 


Pin 11 
Pulse Width 
31.3 
ms 
46.8 
ms 
62.5ms 
125ms 
250 ms 
500ms 
1000 
ms 
6'6 
fout 
0.5 
Hz 
0.5 Hz 
0.5 Hz 
0.5 
Hz 
0.5 Hz 
0.5 Hz 
0.5 Hz 


Pin 
12 
Pulse Width 
31.3 
ms 
46.8ms 
62.5ms 
125ms 
250 ms 
SOOms 
Cll5 
fout 
1 H, 
1H, 
1 H, 
1 H, 
1 H, 
, H, 


Pin 
13 
Pulse Width 
31.3 
ms 
46.8 
ms 
62.5ms 
12Sms 
250ms 
614 
fout 
2 H, 
2H, 
2 H, 
2 H, 
2 H, 


Pin 
14 
Pulse Width 
31.3 
ms 
46.8ms 
62.5 
ms 
125ms 


013 
fout 
4 H, 
4 H, 
4 H, 
4 H, 


Pin 
15 
Pulse Width 
31.3 
ms 
46.8ms 
62.5ms 


612 
fout 
8H, 
8 H, 
8H, 


Pin 
1 
Pulse Width 
31.3 
ns 


011 
fout 
16 Hz 


MC14457 
TRANSMITTER 
MCl4458 
RECEIVER 


The MC14457 and MC14458 are a transmitter and receiver pair 


of integrated circuits constructed in CMOS monolithic 
technology. 


These units are designed for ultrasonic or infrared remote control 


of 
TV 
receivers, 
converters, 
communication 
receivers, 
and 
games. 
Channel selection up to 16 channels can be done single entry; or, 
up to 256 channels can be done double entry. 


• 
Low External Component Count 


• 
High Noise Immunity 


• 
Error Free Operation 


• 
One Analog Output From Receiver 


• 
On-Signal Provision 


• 
Low 
Power 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
MC14457 
Voo 
-0.5 
to +12 
Vdc 
MC14458 
-0.5 to +6.0 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 
to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range 
TA 
-40 
to +85 
°c 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


16 
'5 
'4 
'3 
'2 


11 
10 


9 
8 


9 


'0 
" 
'2 


TRANSMITTER 
RECEIVER 
~- 
, 
, 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
709 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to 
high 
static 


Yoltages or electric 
fields; however, it is advised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of any 
voltage 
higher 
than 
maxi- 
mum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained 
to the range 


VSS'" 
(Vin or Voutl 
'" VOO' 


Unused 
inputs 
must 
always 
be tied 
to an 
appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS or VoOI. 


TRANSMITTER 
MC14457 


ELECTRICAL 
CHARACTERISTICS 


Voo 
T10w. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


Vin=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vin=OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


Input Voltage # 
"a.. Level 
VIL 
Vde 


(Va = 4.5 or 0.5 Vdel 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


{Va = 9.0 or 1.0Vdel 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


"'" 
Level 
VIH 
(Va = 0.5 or 4.5 Vdel 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vde 


(VO= 
1.00r9.0Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


Output 
Drive Current 
- 
Pins 14, 15 
(Oull,21 
10H 
mAde 


(VOH = 2.5 Vdel 
Source 
5.0 
-6.0 
- 
-5.0 
-9.0 
- 
-3.5 
- 


(VOH =9.5\fdel 
10 
-3.2 
- 
-2.6 
-4.5 
- 
-1.8 
- 


(VOL = 2.5 Vde) 
Sink 
10L 
5.0 
6.0 
- 
5.0 
9.0 
- 
3.5 
- 
mAde 


(VOL = .0.5 Vdel 
10 
3.2 
- 
2.6 
4.5 
- 
1.8 
- 


Output 
Drive Current - Pin 13 (Mod) 
10H 
mAde 


(VOH = 4.6 Vdel 
Source 
5.0 
-0.26 
- 
-0.22 
-0.44 
- 
-0.18 
- 


{VOH = 9.5 Vdel 
10 
-0.6 
- 
-0.55 
-1.12 
- 
-0.45 
- 


(VOL = 0.4 Vde) 
Sink 
10L 
5.0 
0.26 
- 
0.22 
0.44 
- 
0.18 
- 
mAde 


(VOL = 0.5 Vdel 
10 
0.6 
- 
0.55 
1.12 
- 
0.45 
- 


Input Current - 
Pull-ups 
lin 
10 
- 
- 
50 
500 
1000 
- 
- 
,uAdc 


Input Current - 
Pin 11 (Oscin) 
lin 
10 
- 
±0.3 
- 
±0.00001 
±0.3 
- 
±1.0 
,uAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 01 


Quiescent Current 
- 
Per Package 
100 
5.0 
- 
50 
- 
0.008 
50 
- 
375 
/JAde 
(OSCin::: Low) 
10 
- 
100 
- 
0.016 
100 
- 
750 


"Total 
Supply Current at an External 
IT 
}JAde 


Load Capacitance (eLl of Figure 4. 
5.0 
- 
- 
- 
5.0 
- 
- 
- 


f = 500 kHz 
10 
- 
- 
- 
10 
- 
- 
- 


(with any Analog command) 


RECEIVER 
- MC14458 
ELECTRICAL 
CHARACTERISTICS 


Voo 
Tlow· 
250C 
Thigh* 


Characteristic 
Symbol 
Vde 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"O".Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


Vin = VOO or 0 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vin=OorVOO 


Input Voltage # 
"0" 
Level 
VIL 
Vde 


(Va = 4.5 or 0.5 Vdel 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


"1" 
Level 
VIH 
(Va = 0.5 or 4.5 Vdel 
5.0 
3.5 
- 
3.5. 
2.75 
- 
3.5 
- 
Vde 


Output 
Orive Current 
10H 
mAde 


(VOH = 2.5 Vde) 
Source 
5.0 
-0.5 
- 
-0.5 
-1.7 
- 
-0.4 
- 


(VOL = 0.4 Vdel 
Sink 
10L 
5.0 
0.45 
- 
0.4 
0.78 
- 
0.34 
- 
mAde 


Input Current (aSCin. Din) 
lin 
5.0 
- 
±0.3 
- 
±0.00001 
±0.3 
± 1.0 
/JAde 


Inpu't Current (paR) 
I;n 
5.0 
- 
- 
10 
50 
400 
- 
- 
/JAde 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 0) 


Qu iescent Current 
100 
5.0 
- 
5.0 
- 
250 
1000 
- 
- 
/JAde 


(Per Package) 


Data Input Hysteresis 
VHy, 
5.0 
- 
- 
- 
0.25 
- 
- 
- 
,uAdc 


··Total 
Supply Current at an 
IT 
5.0 
- 
- 
- 
400 
- 
- 
- 
/JAde 
External Load Capacitance 
{CLI of Figure 6 
f = 500 kHz 


·T low::: -40oC 
Thigh::: + 85°C 
"The 
formulas given are for the typical characteristics only at 25°C 


#Noise immunity 
specified for worst-case input combination 


Noise Margin for both"," 
and "0" 
level'" 
1.0 Vdc min @ VOO :::5.0 Vde 
2.0 Vdc min@VDD::: 
'0 Vde 
• 


Characteristic 
Symbol 
Min 
Typ 
MIx 
Unit 


Output 
Rise and Fall Time - 
Receiver 
'TLH.'THL 
- 
0.3 
1.0 
jlS 
CL" 
100pF 


Oscillator Start-Up Time - 
Transmittel 
'on 
- 
8.0 
- 
jls 


Clock Pulse Frequency 
PRF 
- 
500 
600 
kHz 


Osc 
Osc 


In 
Out 


11 
12 


0:- 
a 
Output 
1 


SIR 
FIF 
a 
Output 
2 


Keyboard 
Oecode 
and 
Oebounce 


Column f 
7 


lnpull l90 


10~ 


Voo· 
Pin 16, 


VSS·Pin8 


Low 
Frequency c=J 


High Frequency lZZZ2l 


VI//i1 
I LF·I 
0 
I 
1 


Zero 
One 


Start 
Start 


VJj 
FilA 


I 
0 
I 
0 
I 
1 
Funct 
LSB 
LSB 
+1 


VJj 


I 
0 I 
MS. 


Low 
Freq 
= 


38.46 
kHz 
I 


I 
__ 
rL.-J 


Pre- 
Start 
Low 
F 


Function 
Bit 
"0" 


INPUT/OUTPUT 
FUNCTIONS 
- 
MC14457; 


TRANSMITTER 


Row Inputs (Rl, 
R2, R3, R4, R5; Pins 1.2.3,4,5) 


These 
pins are the 
row inputs 
and are active 
in the low 


state. 


Column 
Inputs 
(C1. C2. C3, C4; Pins 6. 7, 9, 10) 


These 
pins are the column 
inputs 
and are active 
in the 
low state. 


Output 
(Out 
1. Out 2; Pins 14, 15) 


These 
pins 
provide 
push-pull 
output 
and 
can be used 


with 
ceramic 
transducers 
or 
LEOs. 
In the non-operatin.g 


condition, 
both 
outputs 
are at ground 
potential. 


Oscillator 
(OSCin, OSCout; Pins 11. 12) 


These 
pins are the 
input/output 
terminals 
of the oscil- 


lator. 
It can be used with 
ceramic resonator or crystal. 


The 
oscillator 
is automatically 
turned 
off after 
the data 
is 


transmitted for low current quiescent operation. 


Modulation 
(Mod; Pin 13) 


This pin is a data 
code output. 


Key 
Row 
Column 
Transmitter Data & Receiver Output Address 
VA 
Notes 
Number 
Operation 
(Active 
Low) 
(Active low) 
MSB/A3 
lSB+2/A2 
lSB+l/Al 
lSB/AO 
Function 
Pulse 


1 
Digit 
0 
R1 
C1 
0 
0 
0 
0 
0 
- 
1 


2 
Digit 
1 
R1 
C2 
0 
0 
0 
1 
0 
1 


3 
Digit 
2 
R2 
C1 
0 
0 
1 
0 
0 
- 
1 


4 
Digit 
3 
R2 
C2 
0 
0 
1 
1 
0 
- 
1 


5 
Digit 
4 
R3 
C1 
0 
1 
0 
0 
0 
- 
1 


6 
Digit 
5 
R3 
C2 
0 
1 
0 
1 
0 
- 
1 
7 
Digit 
6 
R4 
C1 
0 
1 
1 
0 
0 
- 
1 


8 
Digit 7 
R4 
C2 
0 
1 
1 
1 
0 
- 
1 


9 
Digit 
8 
R5 
C1 
1 
0 
0 
0 
0 
- 
1 


10 
Digit 
9 
R5 
C2 
1 
0 
0 
1 
0 
- 
1 
11 
Spare 
R1 
C3 
0 
0 
0 
0 
1 
V 
2 


12 
Spare 
R1 
C4 
0 
0 
0 
1 
1 
V 
2 


13 
Fine 
Tuning 
R2 
C3 
0 
0 
1 
0 
1 
V 
3 


14 
Fine 
Tunin"g 
R2 
C4 
0 
0 
1 
1 
1 
V 
3 
15 
Spare 
R3 
C3 
0 
1 
0 
0 
1 
V 
3 


16 
Spare 
R3 
C4 
0 
1 
0 
1 
1 
V 
3 


17 
Vol ~ 
R4 
C3 
0 
1 
1 
0 
1 
V 
3 


18 
Vol 
t 
R4 
C4 
0 
1 
1 
1 
1 
V 
3 
19 
Mute 
R5 
C3 
1 
0 
0 
0 
1 
V 
2 
20 
Off 
R5 
C4 
1 
0 
0 
1 
1 
V 
2 
21 
Digit 
10 
R2 + RS 
C1 
1 
0 
1 
0 
0 
- 
1 
22 
Digit 
11 
R2 + RS 
C2 
1 
0 
1 
1 
0 
- 
1 
23 
Diait 
12 
R3 + AS 
C1 
1 
1 
0 
0 
0 
- 
1 
24 
Digit 
13 
R3 + RS 
C2 
1 
1 
0 
1 
0 
- 
1 
25 
Digit 
14 
A2+R3+R5 
C1 
1 
1 
1 
0 
0 
- 
1 
26 
Digit 
15 
R2+R3+R5 
C2 
1 
1 
1 
1 
0 
- 
1 
27 
Spare 
R2 + RS 
C3 
1 
0 
1 
0 
1 
- 
3 
28 
Spare 
R2 + R5 
C4 
1 
0 
1 
1 
1 
- 
3 


29 
Spare 
R3 + R5 
C3 
1 
1 
0 
0 
1 
- 
3 
30 
Spare 
R3 + AS 
C4 
1 
1 
0 
1 
1 
- 
3 
31 
Spare 
R2+R3+R5 
C3 
1 
1 
1 
0 
1 
- 
3 
32 
Spare 
R2+R3+R5 
C4 
1 
1 
1 
1 
1 
- 
3 


Notes 


1. Channel 
Select 
Keys 
(Function 
Bit = 0). Data is trans· 
mitted 
once each time 
a key is activated. 
2. Toggling 
type 
On/Off 
or counter 
advance 
type 
keys. 
Data 
is transmitted 
once 
each 
time 
a key is activated. 
3. Analog 
Up/Down 
or 
On/Off 
keys, 
i.e., 
one 
key 
for 
Down 
or 
Off 
and 
another 
key 
for 
Up or On. 
Data 
transmission 
is repeated 
as long as the key is operated. 


In Table 
1 all channel 
select 
data 
is noted 
by the func· 
tion 
bit equal 
to zero. 
For functions 
other 
than 
channel, 
the function 
bit equals 
one. 
The 
four 
toggling 
or counter 
advance 
type 
keys that 
transmit 
data 
once 
each 
time 
a key is activated 
are Mute, 
Off, Channel 
Search 
Up, and Channel 
Search 
Down. 


The 
twelve 
remaining 
analog 
keys 
(Vol, 
Tint, 
Color, 


etc.) 
transmit 
data 
as long 
as the 
key 
is activated. 
The 
keys' 
functions 
are arranged 
to provide 
the 
most 
typical 
application 
without 
grounding 
of 
multiple 
row 
or 


columns 
required. 


General 
Description 


This 
transmitter 
integrated 
circuit 
is used for encoding 
keyboard 
position 
into 
frequency-modulated 
biphase 
data. 
This 
integrated 
circuit 
can function 
with 
a keyboard 
from 
20 
to 
32 
keys 
and 
provide 
either 
channel 
select/ 
toggle 
information 
(single-word 
transmission) 
or analog 
information 
(continuous 
transmission 
of the 
data 
word 
for duration 
of key press). 
When used in conjunction with the receiver, selection 
capability 
is: any single 
or two-digit 
channel 
select 
up to 
256 
channels 
with 
appropriate 
keyboard; 
a maximum 
of 
12 analog 
control 
functions; 
4 toggle 
type 
commands. 
At 
an operating 
voltage 
of 9.0 volts, 
the 
high output 
drivers 
provide 
4 
V pp 
into 
a 
1 kn 
load 
via an output 
bridge 
configuration. 
The 
ch ip features 
low standby 
power 
as all 
portions 
are 
shut 
off 
after 
data 
transmission, 
with 
the 
counter-chain 
held 
in the reset position. 


16 La 


15 L4 


14 L2 


13 L 1 


8 M8 


9 M4 


10 M2 


l' 
Ml 
• 
06 
UHF!VHF 


17 DR 


4 AFT 


Operation 


As one example of operation, 
a free-running ceramic 
resonator 
oscillator 
(at 500 kHz), triggered 
by the depres- 
sion 
of any 
key, 
is divided 
by 
12 or 
13 to provide 
fre- 
quencies 
of 
41.67 
kHz 
or 
38.46 
kHz. 
The 
transmitted 
data 
'zero' 
consists 
of 256 periods 
of the lower frequency 
followed 
by 
an 
equal 
number 
of the 
higher 
frequency_ 
Mark to space 
ratio 
is kept at 1: 1 in each case. Data 'one' 
reverses 
the order 
of the two frequencies. 
Rowand 
column 
information 
from 
the 
keyboard 
is 
encoded 
into 
a 5-bit 
word 
and loaded 
onto 
data 
latches 
on the 
edge 
of transmit 
enable_ 
This 
data, 
preceded 
by 
two 
bits, 0 and 
1, is used 
in sequence 
to provide 
biphase 
control 
of the 
divider 
and, 
consequently, 
the 
bit pattern 
transmitted 
from 
the 
unit. 
Each 
7-bit 
word 
begins 
and 
ends 
with 
a low frequency 
burst. 
Operation 
of a channel 
select 
key produces 
an output 
data 
stream 
for a duration 
of approximately 
100 ms. 


• 


Data (Din; Pin 2) 


The 
amplified 
ultrasonic 
data 
signal-after 
amplifica· 
tion 
and 
limiting 
forms 
a square 
wave with 
a peak-to-peak 
value of VDD-is 
applied 
to this input 
terminal. 
The 
input 
terminal 
is 
supplied 
with 
amplified 
and 
square·wave 
limited 
signal. 
A peak-to-peak 
value 
of VDD 
should 
be 


furnished. 


Oscillator 
(Oscin; 
Pin 1) 


The 
oscillator 
input 
pin 
of 
the 
receiver 
pin 
is con· 
nected 
to an oscillator 
providing, 
for example, 
a 500 kHz 
square·wave 
signal. 
A typical 
oscill.tor 
circuit 
is shown 
in 


Figure 
5. 
Accuracy 
of 
1% relative 
to 
the 
oscillator 
fre· 


quency 
in the transmitter 
is recommended 
for satisfactory 
performance in very high echo-producting environments. 


Channel 
Outputs 
(L1, 2, 4, B, Ml, 
2, 4, B; Pins 13, 14, 15, 
16,11,10,9, 
B) 


The 
eight 
data output 
pins provide 
latched 
data corres· 
ponding 
to 
the 
channel 
selected 
on the transmitter 
key· 


board. 
L1 through 
LB are 
the 
least 
significant 
bits; 
Ml 
through 
MB are 
the 
most 
significant 
bits. 
The 
data 
on 
these 
pins is accompanied 
by a Data 
Ready 
signal. 


Data Ready 
(Pin 171 


A positive 
pulse 
with 
a duration 
of 76B /lS appears 
at 
pin 
17 of the transmitter 
approximately 
0.1 
second 
after 
a complete 
command is entered on the remote control 


transmitter 
keyboard. 
The 
negative 
going 
edge 
of 
this 
pulse may be used for triggering 
purposes. 


NOTE: 
A complete 
command 
is one 
digit 
in the 
single 
entry 
mode 
or two digits 
in the double 
entry 
mode. 


The 
voltage 
level at this 
pin is low for a time duration 
of 0.393 
second 
following 
a change 
in selected 
channel 
to 
allow 
disabling 
the tuner 
AFT 
circuit. 
Also, miscellaneous 
commands 
0000,0001, 
0010, 
and 0011 
(Channel 
Search 
Up/Down, 
Fine 
Tuning 
Up/Down) 
will cause 
this disable 
feature. 


Power·On 
Reset 
(PO R; Pin 3) 


Th is pin is low for power·on 
reset of the analog 
output 
to 
0 pulse 
width 
and 
off/on 
output 
to 
O. An 
internal 


pull·up 
device 
of 
10 to 
400 
/lA 
will 
charge 
an external 


capacitor. 
Reset occurs until 
the 
input voltage reaches 
70% VDD. All internal 
registers 
will also be reset. 


Address 
(AO, 1,2,3; 
Pins 19, 20, 21, 22) 


The 
Address 
outputs 
of the 
receiver 
identify 
selected 
analog 
and on/off 
commands 
for use in system 
expansion. 


The 
data 
on these 
lines 
is valid when 
accompanied 
by a 


Valid Address 
pulse. 


Valid Address 
(VA; Pin lBI 


A negative 
going 
pulse 
with 
a duration 
of 76B /lS ap- 
pears 
at pin 
lB approximately 
0.1 second 
after 
an analog 
on/off 
key on the 
remote 
control 
transmitter 
keyboard 
is 
operated. 
Either 
edge of this 
pulse 
may 
be used 
for con· 


trol of add·on 
circuits. 


The 
Valid Address 
pulse is repeated 
every 
102.4 
ms for 
as long as a key is operated 
which 
provides 
repeated 
trans· 
mission 
of data when 
held down. 


The 
Valid 
Address 
signal 
may 
be used 
in conjunction 


with 
the 
Address 
Outputs 
to 
drive 
memories 
to provide 
additional 
control 
functions 
such as color, 
tint, 
etc. 


The 
Valid 
Address 
pulse 
may 
be 
used 
to 
provide 
a 
stepping 
clock 
for 
up/down 
counters 
in a memory. 
The 


least 
significant 
address 
line 
(AO) is used 
to identify 
the 


up or down 
mod~ 
and 
the 
remaining 
address 
lines 
(Al, 
A2, 
A3) 
are 
decoded 
to 
enable 
each 
individual 
control 
circuit. 


By adding 
up/down 
counters 
to the Data Outputs, 
it is 
possible 
to 
use 
the 
Valid 
Address 
pulse 
and 
a decoded 
address 
for 
implementing 
a channel 
up/down 
stepping 
function 
from 
the 
remote 
control. 
Additional 
On/Off 
functions 
may 
be 
obtained 
by using 
the 
Valid 
Address 
pulse 
in combination 
with 
a decoded 
address 
for setting 
and 
resetting 
of 
latches. 
The 
Valid 
Address 
signal 
is dis· 


abled 
in the standby 
mode 
(On output 
at logical 0). 


This 
pin of the 
receiver 
provides 
a low level when 
the 
selected 
channel 
is a VHF channel 
(00 to 13, or B4 to 99). 


A high 
level 
on 
pin 
6 identifies 
selection 
of a UHF 
channel 
(14 
to 
83). 
This 
signal 
is provided 
to 
permit 
switching 
of VHF and UHF tuners. 


This pin of the 
receiver 
provides 
a low level following 
operation 
of 
the 
Off 
command 
(1001) 
on the 
remote- 
control 
transmitter. 
The 
signal 
on this 
pin 
changes 
to a 
high level when 
a channel 
is selected. 


Analog 
Out 
(Vol; Pin 23) 


An analog 
voltage 
in the 
range 
between 
0 V and VDD 


is obtained 
by integrating 
the signal at the Analog 
Out 
pin 
through 
a low 
pass filter. 
The 
analog 
voltage 
resolution 
has been 
chosen 
to 
be 64 steps. 
Its value 
can 
be incre· 
mented 
or decremented 
in steps of one by keys providing 
commands 
0111 
and 0110, 
respectively. 
(See Table 
1.) 
The 
analog 
voltage 
can 
be 
varied 
up 
or 
down 
at 
a 
speed 
of 
approximately 
10 
steps 
per 
second. 
The 
D/A 
conversion 
is performed 
with 
an underflow 
and 
an over· 
flow 
limiting 
circuit. 
The Analog 
Out 
pin is normally 
used 


for the control of volume. The first time power is applied 
to the remote-control 
receiver, the volume output 
is 0 
volts. 


The Analog Out signal may be increased after a chan- 
nel has been selected by operating the key providing a 
command 0111. (Volume Up) 
The Analog Out signal may be muted by operating a 
key on the transmitter 
providing command 1000. Return 
to the original output prior to muting may be achieved by 
operating the mute key a second time or by operating the 
volume-up key. 


In the standby mode the analog level is memorized and 
cannot be varied by the up/down controls on the trans- 
mitter. 


Low Band (LBV; Pin 7) 


This pin will go HIGH whenever channels 02, 03, 04, 


05, or 06 are selected. The output 
is LOW for channels 


00,01, and 07 through 99. 


Single Digit Operation 


The receiver can be placed in a single·digit mode of 
operation by connecting the M4 data output 
(pin 9) to 
VOO and the UHF output (pin 6) to VSS' In this mode, 
the L1 through 
L8 channel outputs will change immedi- 


ately after the entry of a single digit on the transmitter 
keys. The M 1 through M8 outputs are not used in this 
mode. (SeeFigure 6.) 


Function 
Bit 
MSB 
MSB-l 
lSB + 1 
lSB 
Command 


0 
0 
0 
0 
0 
Channel 
Digit 
0 
0 
0 
0 
0 
1 
Channel 
Digit 
1 
0 
0 
0 
1 
0 
Channel Digit 2 
0 
0 
0 
1 
1 
Channel Digit 3 


0 
0 
1 
0 
0 
Channel Digit 4 
0 
0 
1 
0 
1 
Channel Digit 5 
0 
0 
1 
1 
0 
Channel 
Digit 
6 
0 
0 
1 
1 
1 
Channel Digit 7 


0 
1 
0 
0 
0 
Channel 
Digit 
8 
0 
1 
0 
0 
1 
Channel Digit 9 
0 
1 
0 
1 
0 
Channel Digit 10 
0 
1 
0 
1 
1 
Channel 
Digit 
11 


0 
1 
1 
0 
0 
Channel Digit 12 
0 
1 
1 
0 
1 
Channel Digit 13 
0 
1 
1 
1 
0 
Channel Digit 14 
0 
1 
1 
1 
1 
Channel Digit 15 


1 
0 
0 
0 
0 
Channel Search Down 
1 
0 
0 
0 
1 
Channel Search UP 
1 
0 
0 
1 
0 
Fine Tuning Down- 


1 
0 
0 
1 
1 
Fine Tuning Up 


1 
0 
1 
0 
0 
Miscellaneous Command Spare 
1 
0 
1 
0 
1 
Miscellaneous Command 
Spare 
1 
0 
1 
1 
0 
Volume 
Down 
1 
0 
1 
1 
1 
Volume 
Up 


1 
1 
0 
0 
0 
Mute On/Off 
1 
1 
0 
0 
1 
Set Off 
1 
1 
0 
1 
0 
Miscellaneous Command 
Spare 
1 
1 
0 
1 
1 
Miscellaneous Command 
Spare 


1 
1 
1 
0 
0 
Miscellaneous Command 
Spare 
1 
1 
1 
0 
1 
Miscellaneous Command 
Spare 
1 
1 
1 
1 
0 
Miscellaneous Command 
Spare 
1 
1 
1 
1 
1 
Miscellaneous Command 
Spare 


100pF 
1000pF 


~ 


A5 
C1C2C3C4 
6 
7 10 
9 


II 


Untrasonic 
Ceramic 
Microphone 


Note: 
Ceramic 
Resonator 
is 


RMC 
Type 
CR-30 
or Equivalent 


+6V 


680 
" 
12 


A1 
14 


4 
15 
330 
A2 
~ 


~ +6V 
en 
A3 
MC14457 
en 
:: 
z 


A4 
16 


50 IJF 


A5 
C1 C2 C3 C4 


6 
7 10 
9 


01.02.03 
Infrared 
LEOs 


CR 
- 
Ceramic 
Resonator 
RMC 
Type 
CR·30 


r 


• Bias for 
I 


Photodiode 
Only 
1 
120k 
1 Meg 


~ 


00~P100PF 


1000 


pF 
10QpF 
I'OOPF 
100PF 
I 


+5V 
+5V 
+5V 


1/6MC14069uBI 
1/6MC14069UB 
1/6MC14069UB 
560 
-=- 
-=- 
-=- 


8 


}"," 


4 
10 


11 


Data 
Outputs 


16 


}'"" 


15 


14 


13 


17 
Data 
Ready 


A3 
22 


}""..."."... 


A2 
21 


Al 
20 


AQ 
19 


18 
VA 


On/Off 


23 
Vol 


Low 
Band VHF 


UHF/VHF 


AFT 


Note: 
It is mandatory 
to use an infrared 
filter 


in front 
of the photodiode. 
Type 
Kodak 


87C or similar. 


lQQpF T 


Application 
Information 
Typical 
circuits 
for 
the 
transmitter 
and receiver 
chips 


are shown 
in Figure 
3 through 
8. 


The 
transmitters, 
with 
the 
keyboard 
shown, 
transmit 
the 
first 
twenty 
codes 
from 
Table 
1. The 
circuits 
of 


Figure 
3 transmit 
via ultrasonic; 
whereas, 
the 
circuit 
of 
Figure 
4 transmits 
infrared 
light. 
In Figure 
3, push-pull 
output 
at pins 
14 and 
15 allows 
a balance 
drive 
to the 
ceramic 
microphone, 
which 
virtually 
doubles 
the 
trans- 
mitted 
power, 
compared 
to a single·ended 
output. 
The 
diagram 
in Figure 
5 shows 
an amplifier 
connected 
to 
a remote 
receiver. 
The 
bias 
resistor 
(photodiodel 
of 
the 
amplifier 
requires 
bias. The 
bias voltage 
is determined 
by 
the 
choice 
of photodiode 
and 
system 
considerations 


such 
as ambient 
light. Most of the required 
gain is realized 


using 
three 
of the 
four 
hex 
inverters 
in the 
MC14069UB 
package. 
A fourth 
inverter 
from the same package 
operates 


a 500 kHz oscillator 
circuit. 


Figure 
6 shows 
a block 
diagram 
of a PLL system. 
The 


receiver 
directly 
addresses 
a synthesizer. 
In this diagram, 


a 
complete 
command 
consists 
of 
two 
channel 
digits 


followed 
by 
an 
Enter 
code. 
The 
Enter 
code 
into 
the 


synthesizer 
is a 0101 
in complementary 
logic. The 
trans· 
mitted 
code 
from 
the 
transmitter 
is 
1010, 
which 
is 


Function 
10 from Table 
1. 


A block 
diagram 
of a tuning 
address 
system 
is shown 


in Figure 
7. This 
block 
diagram 
incorporates 
a one-chip 


microcomputer 
that 
would 
be 
programmed 
to 
the 
sys- 
tem's 
needs. 
The 
system 
can 
be 
expanded 
up 
to 
256 
channels. 


MC14458 
Remote 
Receiver 
2 


4 
12 E 


Binary 
Complement 
Diode 
Logic 


Note: 
Adjust 
Rand 
C to give a "0" 


on E which 
is long enough to 
enter data without 
problem. 


-MC141000 
is a 4 bit microprocessor 
internally 
programmed 
to customer 


needs. 


@ MOTOROLA 


The 
MC14460 
device 
is designed 
to 
measure 
vehicle 
speed 
and 
provide 
pulse-width 
modulated 
outputs 
to trim 
a throttle 
position- 
ing servo to maintain 
an internally 
stored 
reference 
speed. 


The 
stored 
reference 
speed 
can 
be altered 
by the 
DECEL 
and 
ACCEL 
driver 
commands. 
The 
DECEL 
command 
trims 
down 
the 


speed, 
while 
ACCEL 
trims 
up the speed. 


A 
BRAKE 
input 
is provided 
to 
turn 
off 
the 
outputs 
with 
a 
RESUME 
driver 
command 
to 
return 
the 
vehicle 
to 
the 
last stored 
speed. 


• 
On·Chip 
Master 
Oscillator 
for System 
Time 
Reference 


• 
Separate 
On-Chip 
Pulse Oscillator 
for Output 
Pulse Width 
Adjustment 
(Analogous 
to System 
Gain) 


• 
Diode 
Protection 
on All Inputs 


• 
Internal 
Redundant 
Brake and Minimum 
Speed 
Checks 


• 
Acceleration 
Rates Controlled 
During 
ACCEL 
and RESUME 
Modes of Operation 


• 
Low Frequency 
Speed 
Sensors 
Used 


• 
No Throttle 
Position 
Feedback 
Required 


• 
Power-On 
Reset 


• 
Buffered 
Outputs 
Compatible 
with 
Discrete 
Transistor 
Driver 
Interface 


• 
Low Power 
Dissipation 


Pulse 


Width 
Converter 


Voo'= 
Pin 16 


VSS 
- 
Pin 8 


MC14460 


CMOS LSI 


(LOW-POWER 
COMPLEMENTARY 
MOS) 


AUTOMOTIVE 
SPEED 
CONTROL 
PROCESSOR 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
ho..-.ever. 
it 
is 


advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
fated voltages to this high 
impedance circuit. For proper operatton 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS 
IIIIi:; 
(Vin 
or 


Vou,) 
" 
VOO· 


Unused 
inputs 
must 
always 
be 
tied 
to an 
appropriate logic voltage level (e.g., either 
VSS or VOOI. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
-0.5 to +6.0 
Vde 


Input Voltage, 
All Inputs 
Vin 
-{j.5 to Voo 
+ 0.5 
Vde 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
TA 
-40 to +85 
°c 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Voo 
Characteristic 
Symbol 
Vde 
Min 
Typ 
Max 
Unit 


Supply Voltage 
Voo 
- 
4.0 
5.0 
6.0 
Vde 


Pin 16 


Output 
Voltage 
VOL 
5.0 
- 
- 
0.5 
Vde 
Pins 1,2,5,6,14,15 
VOH 
5.0 
4.5 
- 
- 
Vde 


Input Voltage 
VIL 
- 
- 
- 
0.3 Voo 
Vde 
Pins 3, 7,9, 
10, 11, 12, 13 
VIH 
- 
0.7 Voo 
- 
- 
Vde 


Pin 4 
VIL 
- 
Voo 
-1.5 
- 
- 
Vde 
2 


Voo 
VIH 
- 
- 
- 
-2- 
+1.5 
Vde 


Input 
Hysteresis 
HYS 
- 
0.5 
- 
- 
Vde 
Pin 4 
(VIH - VIL) 


Output 
Drive Current 
Pins 1,2,5,6 
VOH= 4.6 Vde 
IOH 
5.0 
-0.29 
- 
- 
mAde 
VOL = 0.4 Vde 
IOL 
5.0 
+0.36 
- 
- 
mAde 
Pins 14, 15 
VOH = 2.5 Vde 
IOH 
5.0 
-2.0 
- 
- 
mAde 


Input Current 
Pins3,4, 
7,10,11,12,13 
VIL 
= 0.0 Vde 
IlL 
6.0 
- 
- 
-1.0 
"Ade 
VOH = 6.0 Vde 
IIH 
6.0 
- 
- 
+1.0 
"Ade 
Pin 9 
VIL 
= 0.0 Vde 
IlL 
6.0 
15 
- 
200 
/JAde 
VIH = 6.0 Vde 
IIH 
6.0 
- 
- 
+1.0 
"Ade 
Supply Current 
100 
6.0 
- 
1.0 
10 
mAde 
Pin 16 
(80th 
Oscillators Active, VAC and 
VENT Outputs High) 


lnte,nel 
1-: --'smpl 
~·I·-tP'OC~ 


speed~ 
I 
I 
Sample 
G.te 


tout~ 


Frequency 
of 
Oscillation 
as 


Measured 
at 
Pin 1 (5) is: 


1 
f·--- 
2.43RC 


A In kn 


C in IJF 


AS 
== 
2A 


f - kHz 


Characteristics 
Symbol 
Mln 
Typ 
Max 
Unit 


ACCEL 
Input 
Hold Time 
tACC 
16/IM 
9.52" 
- 
ms 


DECEL 
Input 
Hold Time 
tDEC 
16/IM 
9.52" 
- 
ms 


RESUME 
Input 
Hold Time 
tRES 
1 
- 
- 
,n 


BRAKE 
Input 
Hold Time 
tBRK 
1 
- 
- 
'" 
Master Oscillator 
Frequency·· 
T A : -40°C 
to +B50C. RS : 100 krl 


R : 43 krl. C z 5600 pF 
1M 
1596 
16BO 
1764 
Hz 


Useful 
Range 
1344 
16BO 
2016 
Hz 


Pulse Oscillator 
Frequency·· 
T A = -40°C 
to +B50C. RS : 100 krl 


R E 43 krl. C - 5600 pF 
Ip 
1596 
1680 
1764 
Hz 
Useful 
Range 
400 
1600 
3200 
Hz 


Speed 
Input 
Frequency 
IS 
- 
- 
300 
Hz 


Speed Sample Time 11008/IM) 
tsmpl 
- 
600" 
- 
ms 


Speed Processing Time (16/IM) 
tproc 
- 
8.9" 
- 
ms 


System Cycle Time (1024/IMI 
tcyc 
- 
608.9" 
- 
ms 


Output 
Delay Time (9/IM) 
tout 
- 
5.4" 
- 
ms 


Output 
Pulse Width 
Initializations 
(r:=:1/fp) 
PWI 
280" 
- 
760" 
ms 
Trim Outputs 
(r:=:1/fp) 
PWT 
10" 
- 
80" 
ms 


Ch.recteristic 
Symbol 
Typical 
Unit 


Speed Resolution 
IIM/2016 
IS) 
SRES 
0.375 
MPH 


Minimum 
Operating 
Speed 
(fM/31.S 
fS) 
Smin 
24 
MPH 


Maximum 
Stored Speed (IM/8.4 
IS) 
Sma x 
90 
MPH 


Controlled 
Acceleration 
Rate 
A 
1.85 
MPH/s 


(ACCEL 
or RESUME 
Modesl 
(IM)2/IS 
16.881) 1105) 


Redundant 
Brake Speed 
Drop 
Below 
Stored 
Reference 
Speed 
SRB 
-12 
MPH 


(-IM/63 
IS) 


Speed 
Deviation 
Assumes 
Suitable 
Mechanical 
Hookup 
and 
Pulse 
Oscillator 
Frequency 
Adjusted 
to Suit Throttle 
Servo 
Requirements 


Level Road 
(no wind. 
± 1% grades) 
l>SN 
<2 
MPH 


Transient 
Road 
Conditions 
(t10 
MPH winds, 
:17% grades) 
l>ST 
<3 
MPH 


~tored Speed 
Accuracy 


Steady-State 
(Acceleration:: 
0) 
RSSS 
0.375 
MPH 


Transient 
(Acceleration:: 
tA 
MPH/s) 
RST 
0.6 A 
MPH 


OUTPUT 
VAC 
VENT 
SERVO 
DRIVE 


0 
0 
O.er •••• 
Sp•• d 
0 
1 
Hold Speed 
1 
0 
Inv.lld Output 
1 
1 
Incr•••• 
Sp•• d 


FIGURE 3- 
COMMAND 
FLOW DIAGRAM 


·Constant acceleretion 
maintained 
during 


ACCEL 
or 
RESUME 


Note: 
Deca' 


command 
at any 
time whenever 
the outputs a,. 


enabled 
will 
caul. 
Jump to Coast. 
(Except 
during 
Brake or Powe,- 
On R••• t.) 


Note: 
Brake 


input at any 
time will cause 


jump 
to 
Disengage. 


Note: 
PQA input 
at any time will 
caule jump to 
Initialize. 


These 
pins 
are 
the 
output 
pins 
of 
the 
output 
Pulse 
Oscillator, 
which 
is a three-terminal 
RC type. 
See Figure 
2 for 
design 
parameters. 
This oscillator 
sets the 
relative 
pulse width 
of the VAC and VENT 
outputs. 


SPEED 
(SPD, Pin 4) 


This 
is the 
Speed 
input 
to 
be 
controlled 
or stored. 


This 
input 
is level sensitive 
with 
hysteresis 
to allow use of 
slowly 
changing 
waveforms. 
Input 
frequency 
should 
never 
exceed 
1/3 the Master 
Oscillator 
frequency 
(fM). 


MASTER 
OSCILLATOR 
(MOl, 
M02, 
M03; 
Pins 5, 6, 7) 


The 
Master 
Oscillator 
is a three-terminal 
RC type. 
See 
Figure 
2 for 
design 
parameters. 
This 
oscillator 
sets 
the 
master 
system 
timing. 


POWER-ON 
RESET 
(POR, 
Pin 9) 


This 
pin is the 
Power-On 
Reset 
input. 
As long as this 
input 
is LOW, the 
internal 
system 
is cleared 
and the VAC 
and 
VENT 
outputs 
are disabled. 
An internal 
pullup 
de- 
vice will source 
15-200 
/-lAdc of current 
from 
this pin to 
allow 
capacitor 
charging 
for 
automatic 
power-on 
reset. 


} 
To Other Vehlc'e System. 


ON 


Brake 


Circuit 


Fuse 


Brake 
light 
Switch 


/ 


Brake 
Light. 
, 


DECEL 
(DEC, 
Pin 10) 


This 
is the 
DECEL 
command 
input. 
When held HIGH 


both 
VAC 
and 
VENT 
outputs 
will 
be 
LOW. 
When 
the 
DECEL 
input 
returns 
LOW the 
last 
sample 
of the 
SPD 
input 
will be stored 
as the 
reference 
speed. 
The flow dia- 


gram 
in Figure 
3 gives the 
detailed 
constraints/operation 
of this input. 


ACCEL 
(ACC, Pin 11) 


This 
is the 
ACCEL 
command 
input. 
When held HIGH 
the 
VAC 
and 
VENT 
outputs 
will be modulated 
to main- 
tain 
a fixed 
rate 
of acceleration. 
When the ACCEL 
input 
returns 
LOW 
the 
last 
sample 
of the 
SPD 
input 
will 
be 


stored 
as the 
reference 
speed. 
The flow diagram 
in Figure 
3 gives the detailed 
constraints/operation 
of this input. 


continued 


VAC 
VENT 
Throttle 


Coli 
Coli 
Action 
Off 
Off 
Release 
Off 
On 
Hold 
On 
Off 
Weak 
Pull 
On 
On 
Pull 


Minimum 
Pul •• 
Width: 


Throttle 
Travel: 


Throttle Aesponse: 


5 m' 
50-600 
full travel 


45°/1 
Pull 
@ 12" 
VAC 
300/s 
Pull 0 7" VAC 
30° Is 
Ael •• se 


Servo 
connected 
to the 


Throttle 


by 
Ball 


Cheln 


I 
VAC Coli 


I VENT 
Coil 


VAC 


Coil 


VENT 


Coil 


\ 
SPEED 
SENSOR 


8/revolutlon 


2.222 
Hz/MPH 
(8000 pulse./mlle) 
> 3.0 Vp-p 
CI>24 MPH 


360 
Hz (162 
MPHI 


<40 n 


Output Voltage: 


Maximum 
Freq: 


DC 
R •• i.t8nce: 


RESUME 
(RES, 
Pin 12) 


This 
is the 
RESUME 
command 
input. 
When 
taken 
HIGH 
the 
system 
will 
lock 
into 
a mode 
where 
the 
VAC 
and 
VENT 
outputs 
are modulated 
to maintain 
a fixed 
rate 


acceleration. 
This 
acceleration 
ends 
when 
the 
SPD input 


sample 
matches 
the 
stored 
reference 
speed. 
The flow dia- 


gram 
in Figure 
3 gives the detailed 
constraints/operation 
of this input. 


BRAKE 
(BRK, 
Pin 13) 


This is the BRAKE 
command 
input. 
When this input 
is 
taken 
HIGH 
the 
system 
is disabled 
(both 
VAC and VENT 
outputs 
LOW) until 
a DECEL, 
ACCEL, 
or RESUME 
com- 


VENT 
(Pin 14) 


This 
is 
the 
VENT 
output. 
See 
Truth 
Table 
for 


operation. 


VAC 
(Pin 15) 


This 
is the VAC output. 
See Truth 
Table 
for operation. 


GROUND 
(VSS' 
Pin 8) 


Pin 8 is the ground 
connection 
for the package. 


POSITIVE 
POWER 
SUPPLY 
(VDD, 
Pin 16) 


Pin 16 is the power 
supply 
connection 
for the package. 


1 k 
,W 


4.7 
V 


1M4.7Z10 


1 k 


1 k 


47 k 


0.0' 


47 k 


0.01 


47 k 


0.01 


47 k 


0.0' 


47 k 


0.01 


10 kl 
10 k 
'0 
k 


Circuit 
diagrams 
utilizing 
Motorola 
prOducts 
ar. 
included 
as. 
me.ns 
of 
illustrating 
typical 
Mmiconductor 
applications; 
consequently. 


comp"te 
information sufficient for construction purposes i. not 
nec•••• 
lty 
givan. 
The 
information 
ha. been 
carefully 
checked 
and 
is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibility 
i, 
assumed 
for 
inaccuracies. 
Furthermor., 
such information 
do •• 
not 
convey 
to 
the 
purch ••••. 
of 
the 
semiconductor 
devices 
described 
any 
lie•••• 
under 
the patent 
rights of Motorola 
Inc. or other •. 


16 
15 


4 
VDD 
VAC 
14 


SPD 
VENT 


100 
k 


13 
M03 


BRK 
6 
5100.5% 


M02 


10 
MC'4460 
43 
k, 1% 


DEC 
M01 


3 
100 k 


11 
P03 


ACC 
6100.5% 


P02 


12 
43 
k. 1% 


RES 
P01 
Gnd 
POR 


Ambient 
Temperature 
(T A) 
. 


V CC Operating 
Range 
. 


V CC Transient 
•.. 


Load 
Dump 
......•. 


_40°C 
to 85°C 


11-15 
Vdc 


9-16 Vdc 


80 
V Pellk deceylng 
to 


12 V In < 200 
ms 


±300 
V Peak decaying 


in < 1 m. 


+24 
Vdc 
for 
6 min. 


-12 
Vdc 
continuous 


@ MOTOROLA 


The 
MC14461 
and 
MC14462 
are 
smoke 
detector 
circuits 
fabricated 
using Motorola's standard CMOS process. The MC14461 
has the detector 
input with 
the standard CMOS static protection. 
The MC14462 has an unprotected 
CMOS (MOSFET) input 
which 
is protected during shipment by a shorting bar. The shorting bar is 
broken 
after 
inserting 
into 
the 
final 
circuit. 
The shorting 
bar 
connects the detector 
input to a special ACTIVE 
guard pin. This 
ACTIVE 
guard reduces package leakage to the detector pin and also 
may be used to reduce circuit 
leakage to the detector. A wide range 
of operating 
versatility 
is designed into 
the integrated circuit 
to 
accommodate various smoke detector designs.Special timing hasbeen 


incorporated 
to reduce 
or el iminate 
transient 
suppression 
capacitance. 
The MC14461 
is recommended for use with an FET interfacing 
the ion chamber to the MC14461. The MC14462 is recommended 


for 
direct 
interconnection 
to a single 
or dual 
ionization 
chamber. 


• 
Meets UL217 
Requirements - 
UL Recognized Component 


• 
On-Chip FET (MC14462) 


• 
On-Chip ACTIVE Guard (MC144621 


• 
9 or 12.6 Volt Battery Operation 


• 
Low Voltage Beep Alarm 


• 
Two Mode Battery Test Option - 
DC Test, No Load 
Pulse Test, Under Load 


• 
Typical Quiescent Current at 9 Volts 
6 IJ.Afor DC Battery Test Mode 
BIJ.A for Pulse Battery Test Mode 


• 
On-Chip Osc Using O.OOlBIJ.FCapacitor 


• 
On-Chip Horn Predriver 


• 
On-Chip Pulse Test Load Predriver 


• 
On-Chip Zener Reference 


• 
Multiple Unit Operation, Common Annunciator 
(MC14461) 


• 
Adjustable Pulse Width Rangesfor Beeping and 
Battery Test Sampling 


Rating 
Symbol 
Value 
Unit 


OC Supply 
Voltage 
VOO 
-0.5 
to +15 
Vdc 


Input Voltage, All Inputs 
Vi" 
-0.25 
to VOO +0.25 
Vdc 


DC Current Drain per Input Pin 
I 
10 
mAde 


DC Current 
Drain per Output 
Pin 
I 
30 
mAde 


Operating Temperature 
Range 
TA 
o to +50 
°c 


Storage Temperature 
Range 
Tstg 
-65to+150 
uc 


This 
device contains 
circuitry 
to protect 
the 
inputs against damage due 
to high static voltages or electric 
fields; however, 
it is advised that 
normal 


precautions be taken to avoid application 
of any voltage higher than maximum 
rated 
voltages to 
this 
high impedance circuit. 
For proper operation 
it 
is 
recommended that Vin and Vout 
be constrained to the range VSS '" (Vin 
or Vout) 
<; VOO' 
Unused inputs must always be tied 
to an appropriate 
logic voltage level 
le.g., either 
VSS or VOOJ. 


MC14461 
MC14462 


SMOKE DETECTOR 
CIRCUIT 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


PIN ASSIGNMENT 


MC14461 


16 


2 
15 


3 
14 


4 
13 


12 


6 
11 • 


10 


8 
9 


MC14462 


'1 
16 


'2 
15 


3 
14 


4 
13 


12 


6 
11 


10 


8 
9 


Detector 
1 
Input 
Sensitivity 
3 


Adjust 
Comparator 
Output 


4 
C~~~~:: 
0--..• 
--- 


Battery 
~ 


Test 
Mode 
Select 


Comparator 
~ 
Output 


Sensitivity. 
4 
Adjust 


Detector 
1 


Input 


Active 
2 


Guard 


Osc 1 


Osc C 


Osc 2 


Battery 
Test Pulse 
Output 
___ -0._50 Wired-OR! 


Test 


Currento 
5 
•• 


Source 


Battery 
7 


Test 0>- .••• 
----- 


Mode 
Select 


Osc 1 


Osc C 


Osc 2 


Battery 
Test 
Pulse 
Output 


Parameter 
Symbol 
Value 
Unit 


Supply Voltage 
VOO 
6.0 to 14 
Vdc 


Time Between Low Battery Detect Beep 
T2 
45 
s 


Beep PulseWidth 
Tl 
11 
ms 


Voo 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Standby Current 
IT 
9.0 
,uAdc 
Static Mode (Refer to Figure 3a or 3bl 
- 
6.0 
9.0 
IAl 
= 10 kl1, A2 = 22 Ml1, A4 = 10 Ml1, C = 0.0018 ~F, Pin 7 = VOO) 


Pulse Mode (Refer to Figure la or 1b) 
- 
8.0 
11 
IAl 
= 270 kl1, A2 = 22 Ml1, A3 = Open, A4 = 10 Ml1, 


C = 0.0018 ~F, Pin 7 = VSSI 


Output Source Current-Horn 
or Pulse 
IOH 
9.0 
12 
24 
- 
mAdc 
1VOH = 0.7 Vdcl 


Input Current 
lin 
9.0 


Oetect-MC,4462P 
- 
- 
1.0 
pAdc 


Detect-MC14461 
P 
- 
0.01 
20 
nAdc 


Sensitivity Adjust 
- 
0.01 
20 
nAdc 


Pins 14 and 15 
- 
0.1 
20 
nAdc 


Pin 7 
- 
0.0001 
1.0 
,uAdc 


Detector Common Mode Range 
VCMA 
9.0 
2.0 
- 
8.5 
Vdc 
6.0 
2.0 
- 
5.5 


Detector Input Offset Voltage 
VOff 
9.0 
- 
±8.0 
±50 
mVdc 
(Vin 
= 4.5 VI 


Reference Voltage 
VA 
Vdc 
Minimum Regulated 
9.0 
6.9 
7.2 
7.5 
(IReg = 7.0,uA (Note 1), VReg connected to Voltage Set) 


Below Regulation 
6.0 
5.86 
5.90 
- 


OReg = 5.0 ,uA, VReg connected to Voltage Set) 


Low Battery Detect Level (Notes 1 and 2) 
VLow 
- 
Vdc 
Static Mode 
7.2 
7.5 
7.8 


Pulse Mode 
6.9 
7.2 
7.5 


Comparator Output Drive Current 
9.0 
,uAdc 
1VOH = 8.0 VI 
IOH 
-25 
- 
- 


(VOL 
= 1.0 VI 
IOL 
50 
- 
- 


Common Annunicator-ON-Output 
Voltage-MC14461 
VOH 
7.0 
6.3 
- 
- 
Vdc 
IAL 
= 100 k, Note 61 


Common Annunciator-ON-Input 
Voltage-MC14461 
VIH 
9.0 
6.3 
- 
- 
Vdc 
(AL 
= 100 k, Note 61 


Common Annunicator-Output 
Duty Cycle-MC14461 
- 
9.0 
- 
50 
- 
% 


ACTIVE 
Guard to Detector-MC14462-Note 
4 
mVdc 


Input-Voltage 
Difference 


(Vin 
= 2.0 - 6.5 VI 
7.0 
- 
- 
± 100 
(V in = 2.0 - 8.5 VI 
9.0 
- 
- 
± 100 


NOTES: 


1. 
Regulator voltage adjustable above minimum by resistor setting. See Figures 2a, 2b, 3a, and 3b. 


2. 
For low battery detect level, the zener diode circuitry 
requires the supply 1I0itageto be 0.3 1I0it above the internal zener diode. This 


requirement translates into the low battery 1I0ltage.Set point in static mode must be 0.3 1I01tgreater than the internailioitage. 
In the pulse 


mode, the pulsecurrent must pull the battery down 0.3 volt if the minimum lellel is to be used. See circuit diagrams for further clarification. 


3. 
The timing is adjustable and governed by the equations of page 6. 


4. 
The ACTIVE 
guard can drille capacitance loads or high resistanceto a ground. The ACTIVE 
guard can also be used to measure the 
chamber 1I0itagewithout loading the chamber. 


5. 
Pulsecurrent can be used to drille an LEO. Limit output to maximum ratings. 


6. 
The two specifications gillen, warrant the operation of one smoke detector with a low battery of 7 1I01ts,having the ability to turn on a 
smoke detector with a battery 1I0itageof 91101ts.An option to add common annunciator on the MC14462 
on Pin 6 replacing the comparator 
output. Consult factory for this special order. 
• 


FIGURE 10 - 
SMOKE DETECTOR 
CIRCUIT 
USING PULSE MODE BATTERY 
TEST WITH 
LEVEL 
LOW BATTERY 
DETECTION 
AT INTERNAL 
ZENER VOLTAGE 


VRet 


16 


15 
3 
,. 
MC14461 
• 
13 


12 


lN4QOl 


Reverse 


Battery 


Protection 


Near 
end 
of 
battery 
life 
if the 
load 


of 
R3 
under 
pulse 
load 
does 
not 


pull 
VOO 
down 
by 
0.3 
V. 
the 


circuit 
using 
Rx 
+ 
Ry 
in Figure 
2a 


should 
be used. 


3 
,. 
MC14461 
4 
13 


Optional 


Feedback 


Hysteresis 


Resistor 


12 


6 
" 
10 


C 


R1 I 
-= 


0.0018 
p.F 
270 
k 


-- - --, 


Battery 
Test 
I 
Load 
Resistor 
I 
1N4QQl 


R1 
C 
270 
k 10.0018 
J.lF 


Battery 


Protection 


Diode 


·VAet 
= 
VZ' 
(1 
+ 
Rx/Ay) 
< VOD. 


where 
V Ref 
is 
the 
low 
battery 
test 
voltage. 


VOD 
= 9 V 


Ax 
Ay 


16 


-= 
'5 


3 
,. 
R2 
MC14461 
• 
13 
22M 
12 


R. 
6 
" 
'0 
M 


VOO 
10 


8 
9 


----, 
I 
I, 


Rl 


10 k 


VOOLow 
- 
VZO(l 
.•. Rx/Ry) 


VAef= 
VZD 


Rx/Ry 
> 0.04 


c 
J: 0.0018 
~F 


lN4QQl 


Reverse 


Battery 
Protection 


Diode 


FIGURE 
lb - 
SMOKE OETECTOR 
CIRCUIT 
USING PULSE MODE BATTERY 
TEST WITH 
LEVEL 
LOW BATTERY 
DETECTION 
AT INTERNAL 
ZENER 
VOLTAGE 


VRef 


16 


15 


3 
14 
MC14462 


4 
13 


12 


R1 
C 
1_ 


O.0018IJ,F 
270 
k 


lN4001 


Reverse 


Battery 
Protection 


Diode 


Near end of battery 
life 
if the load 
of 
R3 
under 
pulse 
load 
does 
not 


pull 
V DO 
down 
by 
0.3 
V. 
the 


circuit 
using 
Ax + Ry 
in Figure 
28 


should 
be used. 


Optional 


Feedback 


Hysteresis 
Resistor 


C 
1o.0018~F 


------, 
Battery 
Test 
I 


Load 
ReSistor I 
I• 
I 
I..L 


lN4QOl 


Reverse 


Battery 
Protection 


Diode 


-= 
(VSS) 


• V Ref'" 
VZ' 
(, 
+ Rx/Ryl 
< VOD, 
where 
VRef 
is the 
low 
battery 
test 
voltage. 


15 


3 
14 


MC14462 


4 
13 


12 


-----, 
I 
I• 
I 
I 
-l- 


R1 
C 
10 k 
Io.0018,uF 


VOOlow 
= VZO(l 
+ RX/Ry) 
~ 


VAef 
- 
Vzo 


R).JAy > 0.04 


lN4QQl 


Reverse 


Battery 


Protection 


Diode 


~" 
f--T1 
JL 


I 
T,J-tT2 


~1I2T3~ 
rL 


I 


Tl~-).:::-T2 


Interval 
Pulse 
l 


For Low 
Battery 
_~ 
_ 


T4 --I 
f- ~ 
f-. T4 


Ho," ON/OFF 
SLJ~, 


T 1 --I I-- 
--l 
f-- T1 


Internal 
Strobe 
I 
L 


for Smoke 
~......---.-..; 
~( 


TIMING 


DIAGRAM 


T3------------"1 


JL 


TYPICAL 
TIMING 
EQUATIONS: 


Tl'" 1.35C 2:;:~4 


MC14461 
MC14462 


Pin 1 
Pin 1 


- 
Pin 2 


Pin 2 
Pin 3 


Pin 3 
Pin 4 


Pin 4 
Pin 5 


Pin 5 
- 


Pin 6 
Pin 6 


Pin 7 
Pin 7 


Pin 8 
Pin 8 


Pin 9 
Pin 9 


Pin 10 
Pin 10 


Pin 11 
Pin 11 


Pin 12 
Pin 
12 


Pin 13 
Pin 13 


Pin 14 
Pin 14 


Pin 15 
Pin 15 


Pin 16 
Pin 16 


Detector 
Input. 
Accepts 
a negative 
direction 
signal 
for smoke. 
Input 
for the MC14461 
has the standard 
CMOS 
diode-resistor protection. 
Input for the MC14462 does not have the protection 
network. 


Active 
Guard. 
This pin provides 
an active 
guard 
that 
tracks 
the 
detector 
input. 
This output 
may be used to 
measure chamber voltage level. 


Regulator 
Output. 
Output 
of a series·type 
regulator. 
This output 
regulates 
until 
battery 
falls below 
regulator 


setting. 
After 
that, 
the regulator 
equals 
the battery 
output 
to within 
100 mV. 


Sensitivity 
Adjust. 
Accepts 
a voltage, 
usually 
from a potentiometer, 
at which 
the 
Detector 
Input 
switches. 


Switching 
occurs 
within! 
50 mV of the voltage 
and the Detector 
Input. 


Current 
Source. 
Sets the quiescent 
current 
for the 
Internal 
amplifiers. 
Values 
between 
10 and 
22 megohms 


are recommended. 


Wired OR/Test. 
For common 
annunciation, 
this pm together 
with ground 
(VSS) may be connected 
to a large 


number 
of units 
in common. 
Any 
unit 
going high at this pin will turn on all units. 
This pin may also l.Jeused 
as a test 
pin with 
an SPST switch 
between 
this pm and 
V DD. The output 
is the 
50% ON/OF F duty 
cycle 


of the horn. 


Comparator 
Output. 
May 
be used 
in testing 
circuit. 
May also 
be used 
with 
a resistor 
to 
Pin 
1 to obtain 
hysteresis 
between 
smoke 
detection 
turn on 
and 
turn·off. 
VDD 
level 
represents 
Smoke 
and 
ground 
level 
represents 
No-Smoke. 


Battery 
Test Mode 
Select. 
When connected 
to VSS, the circuit 
operates 
in pulse-testing 
mode 
for low battery 


detection. 
When wired to VOD, the circuit 
operates 
In the static 
(de) mode 
to test for low battery. 


Vss. Negative 
Battery 
Terminal. 


Osc 1. The 
resistor 
connected 
to this pin and 
the capacitor 
controls 
the 
time 
to sample 
the 
battery 
for the 


low battery 
pulse test mode 
operation. 
See typical 
timIng diagrams 
and ~quatians. 


Osc C. Timing 
capacitor 
is connected 
to this pin. 
The value of this capacitor 
is related 
to the 
value of the 
resistor 
on Pins 4 and 11 


Osc 
2. 
A resistor 
connected 
to 
this 
pin 
will determine 
the 
period 
of oscillation. 
See typical 
curves 
and 
timing 
equations. 


Horn 
Output. 
This terminal 
sources 
current 
of 12 mA when 
the horn 
is turned 
on. When the horn 
is turned 


off, 
this 
terminal 
is shorted 
to ground. 
An NPN transistor 
may be directly 
driven 
from 
this 
pin. 
The horn 
operates 
on a 50% duty 
cycle, 
for example, 
1.3 seconds 
ON, 1.3 seconds 
OFF. 


Battery 
Test 
Pulse Output. 
For pulse 
loads 
to 12 mA, a resistor 
to ground 
is recommended. 
For pulse loads 


greater 
than 
12 mA, an NPN transitor 
with a resistive load is recommended. 
The terminal 
is normally 
connected 


to ground 
potential 
internally. 


Voltage 
Set for 
Regulator 
Output. 
This teminal 
is the 
input 
to set the 
level for the 
voltage 
of the regulator 
output. 
When this 
pin is connected 
directly 
to Pin 2, the 
regulated 
output 
and the low voltage 
level is set at 


the 
internal 
zener 
diode 
voltage, 
nominally 
7.2 volts. 
When a resistive 
divider 
is used, 
the 
regulated 
voltage 
can be set above the zener diode 
voltage 
level. 


Pulse 
Mode 
Hold 
Cap. 
When using low battery 
pulse 
mode 
operation, 
this 
pin requires 
a non-eritical 
value 
capacitor, 
typically 
0.001 
J,lF. The battery 
voltage 
is sampled 
during 
the load pulse time and the information 
is held and used after 
the load pulse time. 
This operation 
eliminates 
the effects 
of load transients. 


VOO' 
Positive 
Battery 
Terminal. 


16 


15 


3 
14 


4 
13 
LED 


12 
rJ 


R4 
" 
10 


The MC14461 and MC14462 are integrated circuits 


for 
use with 
smoke 
detectors. 
The 
circuits 
are 
primarily 


used 
with 
ionization-type 
smoke 
detectors 
operating 
at 
9 volts, 
but 
are also readily 
adaptable to 
the higher 
12.6·volt operation. 
For battery 
operation, the circuits 
may be operated in the pulse battery test mode or in the 
DC test 
mode. 
In 
the pulse test mode, the on·chip 
oscillator 
runs continuously, 
requiring an added 2 IlA. 
In this mode, both the pulse width for sampling and the 
pulse load current are selectable by resistors. In the DC 
battery test mode, the on·chip oscillator only operates 
when the battery is low or smoke is detected. For both 
operating modes, the voltage threshold at low battery is 


externally 
selectable 
by 
two 
resistors. 
The 
oscillator 


operates 
through 
a multistage 
counter 
to obtain 
sampling 
rates of, for example, 40 seconds, while allowing beep· 
alarm 
pulses of. 
for 
example, 
10 
milliseconds 
and 
battery 
test pulses of 0.5 milliseconds. The frequency 
of the oscillator is sulliciently 
high to avoid the use of 
costly high·value, lessreliable capacitors. 
The 
input 
of 
the MC14462 
is an FET with 
high 


impedance 
for 
direct 
use 
with 
ionization 
chambers. 


Pins 1 and 2 are shorted together as protection during 
handling and testing. 


The input of the MC14461 is protected against static 
discharge. An 
FET operated in source·follower 
mode 
may be connected to 
this 
input. 
The 
IC requires no 
more thar the standard precautions for the CMOSdigital 
logic family. 
The output 
for the horn and dummy load for pulse 
testing 
will 
source a minimum 
of 
12 mA 
and may 


be 
used 
to 
drive 
an 
inexpensive 
transistor 
directly. 
An 
active 
n-channel 
transistor 
is used to 
pull 
down 
the 
output when the output 
is low. This transistor provides 
a ground path for the baseof the driver transistor to keep 
that transistor oil. 


When greater than 12 mA is desired for pulse battery 
test, an external NPN transistor is required to drive the 
dummy 
load. 
Otherwise, 
a 
resistor 
load 
to 
ground 


is required. 
The oscillator has a wide range of adjustments and 
requires a capacitor and resistor for setting the frequency. 
The resistor allows independent setting of the battery 
sample pulse width. 
The rate of 
the beep alarm and 
the pulse battery test are the same. 


The MC14461 and MC14462 contain other 
internal 


features. There is internal latching that makes the circuit 


insensitive 
to 
transients 
due 
to battery 
test, 
horn-blowing, 
and beep alarm, in other 
words, when the battery 
is 
loaded down. The horn is turned on and oil 
with 
the 


smoke-detection 
circuit, 
automatically 
reactivating 
during 
the oil 
time. An external low·value capacitor, together 
with 
internal 
circuitry, 
delays the low·voltage battery 


measurement until after pulse battery load period. This 


capacitor 
stores 
the 
low-voltage 
information. 


In the MC14461, a single pin controls 
a common 
annunciator 
circuit. 
If 
this 
pin 
and 
ground 
is wired 
common to a multiple 
set of units, a high·level signal 
turns on all units. Any unit may initiate all horns. 


The basicproblems for on·chip FETcan be summarized 


in the following two areas: 


1. Protection 
of 
the 
input 
circuit 
during 
testing, 


packaging, and insertion. 
2. Package pin·to·pin 
leakage current 
and 
circuit 
leakagecurrent once installed. 
An unprotected gate input, i.e., a gate input without 
diode protection 
network, has a very low probability 
of 


leakageunless that oxide is destroyed. To protect the gate 
through the functions 
of high'speed testing, packaging, 
and 
handling 
during 
insertion 
until 
connected 
to 
the 
chamber, a pin·to·pin 
shorting bar is used. This bar is 
clipped out after insertion into the circuit. 


To 
reduce 
package pin·to·pin 
leakage and circuit 


leakages, an 
adjacent 
pin 
ACTIVE 
guard voltage 
is 
provided. 
This 
voltage 
follows 
the 
detector 
voltage 
guarding the input. The voltage is provided by an on·chip 
1:1 amplifier. The circuit of Figure 5 showssuch a circuit. 
The operational amplifier (Amp) in Figure 5 is connected 
as a 1:1 gain amplifier. 
In the ideal case, this means the 
voltage from Pin 1 to 2 is 0 and therefore leakageis O. 
However, amplifiers are not ideal and the effectiveness of 
this amplifier 
is limited by its deviation from the ideal 
1:1 gain. 
Assume the leakage is presented by a resistance, Rx, 
with 
the operational amplifier having a gain, A, and an 
offset voltage, Va. The guard voltage Vg in terms of the 


detector 
input 
voltage, V I, is given by the equation: 


Vg=~VI+~Va 
1 +A 
1 + A 


. 
VI 
IQ = RX; 


. 
VI 
Va 
IQ = RXA + RX' when A» 
1. 


With respect to the first term, the leakage is reduced 


by the gain of the amplifier 
which 
is of the order of 


10,000. The second term is dominant. With a worst case 
of 
50 mV offset, the leakage is reduced by 100 for an 


input 
voltage of 
5 volts. This factor of 100 worst·case 


is significant. 


Since 
the 
guard 
is an amplifier 
output, 
this 
guard 
may 


be used 
in the 
circuit. 
It 
may 
be carried 
to the 
foil 
in the 


board. 
It 
may 
be 
connected 
to 
an 
enclosure 
pattern, 
enclosing both pin 1 and the pad for the wire leading to 


the 
ion 
chamber. 
Furthermore, 
it can 
be used 
as a guard 


connected 
to 
the 
chamber 
itself 
in a guard 
configuration 
within the chamber. SeeFigures 6 and 7. 


With respect to the shorting bar protecting the input 
during 
test, 
packaging, and 
insertion, 
a shorting 
bar 


bridges pins 1 and 2. Pin 2 has natural diode protection 
due to 
the source·drain diodes at 
the output 
of 
the 


amplifier. 
Thus 
the 
circuit 
can 
be functionally 
tested 
for 


the 
input 
parameters 
such 
as 
the 
comparator 
detector 
level for smoke, etc. The guard and the input are fully 


connected 
in 
the 
final 
circuit 
before 
breaking 
the 
shorting bar. 


This on-chip 
FET method allows for use of 
plastic 


packages leading 
to 
low-cost, 
system-effective 
smoke 


detector 
circuits. 
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R2. RESISTOR 
1.1.1nl 


1. The MC14461 
and MC14462 
devices 
are designed 
to be 
relatively 
transient-free_ 
However, 
the horn 
current 
loop- 


which 
includes 
the 
horn, 
emitter, 
and 
collector 
of the 


driver 
transistor, 
and 
the 
battery 
can 
place 
excessive 
transients 
that 
can affect 
the timing 
circuits 
and the input 
circuit 
which 
operate 
at high-impedance 
levels. Care must 
be taken 
in PC board 
layout 
with 
respect 
to ground 
and 
VDD. 
For 
example, 
3 
or 
4 
inches 
of 
battery 
lead 
represents 
sufficient 
inductance 
to generate 
a substantial 


Ldi/dt 
transient. 
Usually 
a bypass 
capacitance, 
VDD 
to 
ground 
of 0.001 
IJ.F, will 
isolate 
this transient 
to bypass 
the 
IC. 
A test 
for 
transient 
interference 
is to 
place 
a 


bypass 
capacitance 
across 
VDD 
to 
ground 
near 
the 
IC 
and determine 
if the 
timing 
or smoke 
detection 
is altered. 


2. 
To 
protect 
the 
IC during 
static 
discharge 
tests, 
it is 
recommended 
that 
the 
IC be shielded. 
Since the regulator 
drives 
the 
chamber, 
and 
if the 
chamber 
anode 
cannot 
be shielded, 
a 100 k resistor 
in series with the chamber-to- 


regulator 
pin is recommended. 
If static 
voltage 
reaches 
the 


detector 
pin on the MC14462 
through 
the chamber 
in the 


particular 
chamber 
design 
(when 
the 
chamber 
anode 
is 


exposed 
to 
high 
static 
voltage), 
external 
capacitance 


added 
to this 
pin may solve the problem 
by absorbing 
the 


energy. 
The 
passing 
of 
static 
discharge 
tests 
in UL 217 
requirements 
is dependent 
upon 
the 
design 
of the 
overall 
smoke 
detector 
structure. 
Many 
alternate 
methods 
of 


design 
are available 
to the 
designer 
which 
are beyond 
the 


scope 
of this data 
sheet. 


3. The 
common 
annunciator 
may 
be 
connected 
via 


a two-wire 
system. 
The signal is a 50% ON/50% 
OFF 
duty 


cycle. 
To 
detect 
the 
particular 
detector 
sensing 
smoke 


via an LED at the 
detector, 
the 
signal may be taken 
from 
the 
comparator 
out 
and 
amplified 
to 
the 
LED. 
For 


systems 
that 
are 
powered 
from 
a common 
source 
rather 
than 
local 
battery, 
the 
timing 
of each 
detector 
can be set 


differently. 
This 
timing 
affects 
the 
period 
of the 
square 


wave 
pulse 
on 
the 
common 
annunciator 
line 
and 
that 
difference 
in 
the 
period 
can 
be 
used 
to 
detect 
which 


detector 
senses smoke 
at a master 
station. 


Circuit diagrams external to or containing Motorola 
products are included as a means of illustration only. Complete information 


sufficient 
for construction 
purposes may not be fully illustrated. 
Although 
the information 
herein has been carefully 
checked and is believed 


to be reliable, 
Motorola 
assumes no responsibility 
for inaccuracies. 
Information 
herein does not convey to the purchaser any license under 
the patent rights of Motorola or others. 


The informat~oncontained herein is for guidance only, with no warranty of any type, expressedor implied. Motorola reservesthe right 


to make any changes to the information and the product(s) to which the information applies .md to discontinue manufacture of the 
product(s) at any time. 


@ MOTOROLA 


The MC14464 
and MC14465 
use linear CMOS technology 
to 
implement 
a smoke detector that sensesreflected light from minute 
smoke particles. An LED provides a pulsed light source while a wide 
area silicon diode acts as a detector. The received pulse is amplified 
and compared to an externally 
set threshold to determine whether 


smoke or no smoke is present. The MC14464 is designed to drive an 
external 
NPN transistor 
connected to a mechanical horn while the 
MC14465 has an open drain N-Channel and modulated output useful 


in 
controlling 
a piezoelectric 
horn 
driver 
circuit. 
Features 
include: 


• 
Meets U L 217 Specifications 


• 
Adjustable 
Low Battery Trip Point 


• 
Adjustable Smoke Threshold 


• 
On-Chip Voltage Regulator 


• 
Adjustable Smoke Sample Rate 


• 
Sample Rate Increases 8 to 1 When Smoke is Detected 


• 
Multi-Station 
Wired-OR Capability 


• 
Battery Level Sampled Under Load 


• 
Built-In 
Reverse Battery Protection 


• 
Low Quiescent Current 7.0 J.l.Aat 9.0 V Typical 


• 
Adjustable 
LED Pulse Width 


Low 
Battl 


Non-Inv 


Input 


'4 


Oscl 
'3 
Osr.C 


12 
OscN 
"QscP 


Amp 
Out 


Smoke 
Threshold 
0---+ 


Adjust 
15 


Current O~.~----- 
Set 
2 


Voo 
nd'* 
i 
~utPut 


MC14464 
MC14465 


SMOKE 
DETECTOR 


CIRCUITS 
FOR 


PHOTOELECTRIC 
CHAMBERS 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Voo 


Current 


Amp 
Out 
Oscl 


Inv In 
Osee 


Non-Inv 
OscN 


Reg 
OscP 


OR 
LEO 


VSS 
Horn 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due to high static 
voltages 
or 
electric 
fields; 
hovvever. 
it 
is 
advised 
that 
normal 
precautions 
be taken 
to avoid application of any voltage higher 
than 
maximum 
rated voltages to this high 
impedance circuit. For proper operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
'" (Vin 
or 


Voutl 
'" VOO' 


Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g.. either 
VSS or VOOI. 


• 


Rating 
Symbol 
Value 
Unit 


Supply 
Voltage 
VOO 
o to + 15 
Vdc 


Voltage at Any Pin Except 
11,12, 
14 
Vin 
-0.3 
to VOO + 0.3 
Vdc 
Voltage at Pin 11 
-0.6 
to VOO + 15 
Voltage at Pin 12 
-15 to VOO + 0.3 
Voltage 
at Pin 14 
-4.0 
to VOO + 4.0 


Horn Drive Current, 
Pin 9 
lout 
-30 
mA 


LED Drive Current. 
Pin 10 
lout 
15 


Power Dissipation 
Po 
500 
mW 


Operating 
Temperature 
Range 
TA 
a to +50 
°c 


Storage Temperature 
Range 
Tsto 
-40 
to +125 
°c 


Reverse Battery 
Voltage 
VRB 
-10Vfor4s 
- 


Oscillator 
Frequency. 


Oscillator/LED 
Pulse Width. 


Supply 
Voltage 


RESULTING 
TIME 


No-Smoke 
Sample 
Rate 


Smoke Sample Rate 


Low 
Battery 
Beep 
Pulse 
Width 


Low Battery 
Period 


Characteristic 


LED Pulse Width 


Osc 
Frequency 


Low Battery 
Alarm Pulse Width. 


LED No-Smoke 
Sample Rate 


LED Smoke Sample Rate 


Low 
Battery 
Alarm 
Period. 


Smoke Alarm 
Horn-On" 
. 


Smoke Alarm 
Hor.n-Off· 


.50 Hz 


.200MS 


7 to 10 V 


10 S 


1.28 S 


.20 
ms 


40 S 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Standby 
Current 
100 
- 
- 
- 
MA 


Output 
Drive Current 
mA 


Horn (Vout 
'" 0.7 V) 
IOH 
- 
- 
- 


LED IVOU! - Vs ~ 0.5 VI 
IOL 
- 
- 
- 


Regulated Voltage 
Vs 
~ 
Smoke Amplifier 


Values 
have not 
been determined 
Open Loop Gain DC 
AVOL 
at this time. 
For 
dB 


Open Loop Gain 1.0 kHz 
AVOL 
further 
informa- 
dB 
Offset Voltage 
VOS 
tion, 
contact 
mV 


Slew Rate 
SR 
Motorola 
CMOS ~ 
Input Current 
lin 
Marketing. 
MA 


Pins 4, 5,15 


Low Battery 
Level 
VLB 
- 
- 
I - 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


1.1 RNC 


.1 ~ 1.1/C 
IRp + RN) 


1/1 


512/1 


.64/1 


204B/I 


12011 


.811 


is 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility 
is 


assur:ned for 
inaccuracies. 
Furthermore, 
such information 
does not 


convey 
to the purchaser of the semiconductor 
devices described 
any 


license under 
the patent 
rights of Motorola 
Inc. or others. 


Voltage 
Regulator 


Pin 
6 
is 
regulated 
voltage 
with 
respect 
to 
VDD 
at 


a voltage 
of 
typically 
VDD 
- 
4.0 
V. 
It consists 
of 
an 
internal 
zener 
diode 
with 
a 
buffer 
amplifier 
capable 


of 
approximately 
7.0 
mA. 
The 
temperature 
coefficient 
is approximately 
+0.6 
mV /oC. 


Low Battery 
Voltage 
Warning 


The 
low 
battery 
comparator 
is strobed 
for one clock 
period 
out 
of every 
2048 
clock 
periods 
(i.e., 
20 ms out 


of 40 seconds). 
During 
this time 
the 
battery 
is loaded 
by 
the 
LED pulse 
and a comparison 
is made 
between 
2/3 of 
the 
battery 
level 
and 
the 
voltage 
at pin 
5. This 
signal 
is 


stored 
in a latch 
until 
the 
appropriate 
time 
at which 
the 
horn 
output 
is activated 
for one clock 
cycle. 


For 
checking 
and adjusting 
the low battery 
voltage 
trip 
point, 
the 
oscillator 
frequency 
cannot 
simply 
be speeded 
up. 
This 
would 
not 
only 
shorten 
the 
40·second 
beep 
period 
as desired, 
but would 
also shorten 
the 20 ms strobe 
period. 
A proposed 
speed·up 
circuit 
in Figure 
1 can 
be 


used. 
This circuit 
provides 
2048 
pulses 
in 20 ms and then 
allows 
20 
ms 
to 
maintain 
the 
proper 
strobe 
interval. 


Thus 
the 
low 
battery 
period 
becomes 
40 ms, but 
strobe 
timing 
is unaffected. 


Smoke 
Alarm 
Circuit 


The 
signal 
source 
for smoke 
detection 
is a photodiode 
that 
converts 
received 
light 
into 
electric 
current. 
This 
diode 
should 
be connected 
into 
pin 
4 and amplified 
via 
the 
internal 
operational 
amplifier. 
The 
threshold 
for 


smoke 
detection 
is controlled 
via the 
voltage 
to pin 
15. 


Since 
the 
smoke 
is detected 
as a reflected 
short 
burst 
of 


light, 
the 
detector/amplifier 
combination 
has 
to 
be can· 


sidered 
as 
an 
ac 
signal. 
The 
diode 
has 
approximately 


200 
pF 
self-capacitance 
and 
the 
amplifier 
has 
a fixed 


slew 
rate, 
both 
of which 
limit 
the 
minimum 
LED pulse 


width 
for 
normal 
operation. 
The 
bias 
current 
of 
the 


smoke 
amplifier 
and the following 
comparator 
is increased 
one 
oscillator 
period 
before 
the 
LED-pulse 
starts. 
This 


increase 
in 
bias current 
causes 
a change 
of 
input 
offset 
voltage 
which 
in turn 
generates 
an output 
signal. 
The 
RC 


time 
constant 
of 
the 
feedback 
network 
around 
the 
op 
amp 
should 
be shorter 
than 
one oscillator 
period 
so that 


the 
amplifier 
output 
is not 
distrubed 
by the 
increase 
of 
bias current 
at the trailing 
edge of the 
LED pulse. 


Temperature 
Compensation 


Usually 
the 
photodiode 
detector 
exhibits 
a -2%/oC 
temperature 
coefficient 
which 
reduces 
sensitivity 
to 


smoke 
at elevated 
temperature. 
The 
usual 
correction 
for 
this 
is the 
addition 
of a negative 
temperature 
coefficient 
resistor 
controlling 
LED 
current. 
Then, 
as 
temperature 


increases, 
LED 
current 
will 
increase 
while 
sensitivity 


remains approximately 
constant. Temperature 
compensa- 


tion 
can also be accomplished 
by increasing 
the 
LED pulse 


width 
as 
temperature 
increases. 
The 
internal 
oscillator 
circuit 
contributes 
to 
this 
with 
a 0.1%/oC 
positive 
tem· 


perature 
coefficient 
that 
increases 
the 
output 
pulse 
width 
at elevated temperatures. However, a temperature variable 
resistor 
should 
be 
substituted 
for 
RN 
(pin 
121 for 
full 


compensation 
using this method. 


16 
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® MOTOROLA 
MC14469 


ADDRESSABLE 
ASYNCHRONOUS 
RECEIVER/TRANSMITTER 


The 
MC14469 
Addressable 
Asynchronous 
Receiver 
Transmitter 
is 
constructed 
with 
MOS P·channel 
and N-ehannel 
enhancement 
devices 


in a single 
monolithic 
structure 
(CMOS). 
The 
MC14469 
receives 
one or two eleven·bit 
words 
in a serial data stream. 
The first incoming 


word 
contains 
the 
address 
and 
when 
the 
address 
matches, 
the 
MC14469 
is enabled 
to transmit 
two 
data 
words. 
Each of the trans' 


mitted 
words 
contains 
eight 
data 
bits, even parity 
bit, start 
and stop 


bit, in UART 
compatible 
format. 


The 
received 
word 
contains 
seven 
address 
bits and the address 
of 
the 
MC14469 
is set 
on 
seven 
pins. 
Thus 
27 or 
128 
units 
can 
be 
interconnected 
in 
simplex 
or 
full 
duplex 
data 
transmission. 
In 
addition 
to the address 
received, 
seven command 
bits may optionally 
be received 
for data 
or control 
use. 
The 
MC14469 
finds 
application 
in transmitting 
data 
from 
remote 
A·to·D 
converters, 
remote 
MPUs or remote 
digital 
transducers 
to a 
master 
computer 
or MPU. 


• 
Supply 
Voltage 
Range - 
4.5 Vdc to 18 Vdc 


• 
Low Quiescent 
Current 
- 
751lAdc 
maximum 
@ 5 Vdc 


• 
Data Rates 
to 4800 
Baud 


• 
Receive 
- 
Serial to Parallel 
Transmit 
- 
Parallel 
to Serial 


• 
Transmit 
and Receive 
Simultaneously 
in Full Duplex 


• 
Crystal 
or Resonator 
Operation 
for On-Chip 
Oscillator 


ADDRESSABLE 
ASYNCHRONOUS 
RECEIVER/TRANSMITTER 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
711 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
715 


Ceramic 
Package 


Plastic 
Package 


OK':EJ-G?=D."A"'C>~' 
O",U.IO' 
Clcx:k 
00<;2 
Generator 
AK.' .•.• Dele 51.abe 


Rece, •.• e". 
StrobeEneble 


4 


5 


6 


Tr.ns ••.•'1 


O"'IP"t 
D.I.~ 


LogIc 


'0 
" 
12 


'3 


'4 


'5 


'6 


17 


'8 
'9 
20 


This 
device contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is advised 
that 
normal 
precautions 
be 
taken 
to 
avoid 


application 
of any voltage higher than 
maxi- 


mum 
rated 
voltages to 
this 
high 
impedance 


circuit. For proper operation it is recommended 
that Vin and Vout be constrained to the range 


VSS" 
(Vin or Vout) 
•• VOO' 


Unused inputs must a!ways be tied to an 
appropriate 
logic 
voltage 
level 
(e.g., 
either 


VSS or VOO). 


Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 
Input Voltage, All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature Range 
TA 
-40 to +85 
°c 


Storage Temperature Range 
Tstg 
-65to+150 
°C 


Voo 
-400C 
250C 
+850C 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


putput 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VDDorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=OorVDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
14.95 
15 
- 
14.95 
- 


Input Voltage # 
"0" Level 
VIL 
Vdc 
1VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO = 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
= 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vdc 


(Va 
= 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(Va 
= 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (Except Pin 2) 
IOH 
mAdc 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.35 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 


(VOL 
= 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Output Drive Current (Pin 2 Only) 
IOH 
mAdc 
(VOH = 2.5 Vdc) 
Source 
5.0 
-0.19 
- 
-0.16 
-0.32 
- 
-0.13 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.04 
- 
-0.035 
-0.07 
- 
-0.03 
- 


(VOH = 9.5 Vdc) 
10 
-0.09 
- 
-0.08 
-0.16 
- 
-0.06 
- 


(VOH = 13.5 Vdcl 
15 
-0.29 
- 
-0.27 
-0.48 
- 
-0.2 
- 
. 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.1 
- 
0.085 
0.17 
- 
0.07 
- 
mAdc 
(VOL 
= 0.5 Vdc) 
10 
0.17 
- 
0.14 
0.28 
- 
0.1 
- 


(VOL 
= 1.5 Vdc) 
15 
0.50 
- 
0.42 
0.84 
- 
0.3 
- 


Maximum Frequency 
fmax 
4.5 
400 
- 
365 
550 
- 
310 
- 
kHz 


Input Current 
lin 
15 
- 
±0.3 
- 
±0.OOO01 
±0.3 
- 
±1.0 
/-lAdc 


Pull-Up Current (Pins 4-18) 
IUp 
15 
12 
120 
10 
50 
100 
8.0 
85 
/-lAdc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin 
= 01 


Quiescent Current 
100 
5.0 
75 
- 
0.010 
75 
- 
565 
/lAdc 


(Per Package) 
10 
- 
150 
- 
0.020 
150 
- 
1125 
15 
- 
300 
- 
0.030 
300 
- 
2250 
upply Voltage 
VOO 
- 
+4.5 
+18.0 
+4.5 
- 
+18.0 
+4.5 
+18.0 
Vdc 


Noise immunity specified for worst-case input combination. 
Noise Margin both "," 
and "0" level = 1.0 Vdc min@VDD= 
5.0 Vdc 
2.0 Vdc min @VOO = 10 Vdc 
2.5 Vdc min@VOO 
= 15 Vdc 


MC14469 
Internal 
Oscillator 


vt:;::O;;J 


1. 0 ."1 ! 


Note: 
For externally 


generated 
clock. 


drive 
Pin 1, float 
Pin 2. 


~~ 
"-1"""'11 
C2I 


Note: 
Ceramic 
Resonators 
307.2 
kHz ± 1 kHz for 4800 
Baud Rate 


C1 "'" 50 pF 
C2"'" 
200 pF 


(Ceramic 
Resonator 
Suppliers: 
Radio 
Materials 
Company, 
Chicago, 
Illinois 


Vernitron 
Piezoelectric 
Division. 
Bedford. 
Ohio) 


CO 
Channel 
C1 
Select 
C2 


Select 


C5 
Channel, 
Start 
Conversion 


Send 
End 
Conversion 
Analog 
Inputs 


50 


51 


52 


53 
Digital 


54 
OUtputs 


55 


56 


57 


8·Channel 


AID 
Converter 


Assembly 


AD, 100 
A1,101 


A2,102 
A3,I03 
A4,104 
CS 


AS, 
IDS 
A6, 
106 
Send 


A1,1()1 


A2,102 
A3,I03 


A4,104 
A5,105 
CS 
A6, 
t06 


Note: 
For 
Simplex 
operation 
the 
107 
must 
be tied 
high, 
57 must 
be 
tied 
low 
and the 
7-bit 
10 must 
be the 
same as the 
7-bit 
address 
(or set to some unused address) to prevent 
erroneous 
responses. 


RECEIVE 
DATA 
(RI; Pin 19) 


\.... 
Address 
•• 
~ 
----~I. 
r T T 
T T T T T"I T::""""""'1" 


~_I_1.. 
L.L 
L.L 
..•"LPJSP 


'\ 
Address 


4 
5 
6 
7 
8 
9 
10 
Identifier 


Command 
"I 


~._rTTT~~~~,\]-s-p--- 
~ 
..•. 
...£. ..•. 
.J. .J. •••. 
I. 


Command 
Identifier 


22 
21 
20 
19 
18 
17 
16 


00 Dl 
02 
03 04 
05 
06 


InputData--------I- .• 
------status 
------~ 
••-I 


29 
28 
27 
26 
25 
24 
23 
22 


SO 
51 
52 
53 
54 
55 
56 
57 


22 
21 
20 
19 
18 
17 
16 
15 


DO 01 
02 
03 
04 
05 
06 
07 


22 
21 
20 
19 
18 
17 
16 
15 


DO 01 
02 
03 
04 
05 
06 
07 


ST 
= Start 
Bit 


P = Parity 
Bit 
Sf 
= Stop 
Bit 


AO -+- A6 
= Address 
Bits 
CO -+ C6 
::> Command 
Bits 


DO -+ 07 
::> ACIA 
Bus Bits 


M 
M 


Address 
S 
Command 
S 


____ 
8 
S 
8 
S 


V DO 
SOl 
2 
3 4 
5 
6 
7 
P SOl 
2 
3 
4 
5 6 
7 
P 


....,TrXTXTX!'XTXTXTv~ 
pnTr'X'X""XTXTxTxT}(1 
rp'" ------------------------ 
VSS 
~~;A;.;&:~::.L~~_L..,-~:&;:.A:~~~~.J 
Aeceiverlnput(AI) 


I 
I 
I 
I 


~:~:tddreS$Pulse~~- 
__ -_------_------------------- 
I 
I 
I 


~ 
I 
I 
I 
I 
~ 
II 


!'i! 
_ 


I 
I 
M 
M 


I 
S 
S 


V 
' 
8 
S 
8 
S 


DD~S 
X X X~X-rXTXTX:TXTp'pr.::'1S X'X'KrX"'X"'X'X0X 
P'p-- 
______________ 
~I ..SLXJ.X~.••:..:& 
••. ~ •• ~.>&: 
~ I.:.L': J,; 
••••• 
~.~ 
T01234567 
T01234567 


Internal 
Valid 
Address Latch 
(VAL) 


Internal 
Send 
En.ble Latch 


(SEL) 


I 
L..J 


I 
I, 
In~__ ~ 
_ 
I 
I 
I 
I 
I 


OSCI LLATOR 
(Osc1, 
Osc2; 
Pins 
1, 2) - 
These 
pins are 
the oscillator 
input 
and output. 
(See Figure 
1.) 


RESET 
(Reset; 
Pin 3) - 
When 
this 
pin is pulled 
low, the 
circuit 
is reset and ready 
for operation. 


ADDRESS 
(AO-A6; Pin 4, 5, 6, 7, 8, 9, 10) - 
These 
are 


the 
address 
setting 
pins which 
contain 
the 
address 
match 
for the received 
signal. 


INPUT 
DATA 
(100-107; 
Pins 11, 12, 13, 14, 15,16,17, 
18) - 
These 
pins contain 
the input 
data 
for the first eight 
bits of data to be transmitted. 


RECEIVE 
INPUT 
(RI; Pin 19) - This is the receive 
input 


pin. 


NEGATIVE 
POWER 
SUPPLY 
(Vss; 
Pin 20) - This pin is 


the 
negative 
power 
supply 
connection. 
Normally 
this 
pin 


is system 
ground. 


TRANSMIT 
REGISTER 
OUTPUT 
SIGNAL 
(TRO; 
Pin 


21) - 
This 
pin transmits 
the outgoing 
signal. 
Note that 
it 


is inverted 
from 
the 
incoming 
signal. 
It must 
go through 


one 
stage 
of inversion 
if it is to drive 
another 
MC14469. 


SECOND 
or STATUS 
INPUT 
DATA 
(SO-S7; Pins 22, 23, 
24, 
25, 
26, 
27, 
28, 
29) 
- 
These 
pins 
contain 
the 
input 


data for the second 
eight bits of data to be transmitted. 


SEND 
(Send; 
Pin 30) 
- 
This 
pin accepts 
the 
send 
com- 


mand 
after 
receipt 
of an address. 


VALID 
ADDRESS 
PULSE 
(VAP; 
Pin 
31) 
- 
This 
is the 


output 
for 
the 
valid 
address 
pulse 
upon 
receipt 
of 
a 


matched 
incoming 
address. 


COMMAND 
STROBE 
(CS; Pin 32) 
- 
This 
is the 
output 


for the command 
strobe 
signifying 
a valid set of command 
data on pins 33-39. 


COMMAND 
WORD 
(CO-C6; Pins 33, 34, 35, 36, 37, 38, 


39) 
- 
These 
pins are the readout 
of the command 
word 
which 
is the second 
word 
of the received 
signal. 


POSITIVE 
POWER 
SUPPLY 
(VDD; 
Pin 40) - This pin is 


the package 
positive 
power 
supply 
pin. 


The receipt 
of a start 
bit on the Receive 
Input 
(RI) line 
causes 
the 
receive 
clock 
to start 
at a frequency 
equal 
to 
that 
of the 
oscillator 
divided 
by 64. All received 
data 
is 


strobed 
in at the 
center 
of a receive 
clock 
period. 
The 
start 
bit 
is followed 
by eight 
data 
bits. 
Seven 
of the 
bits 
are compared 
against 
states 
of the 
address 
of the particu- 


lar circuit 
(AO-A6), 
while 
the 
eighth 
bit 
signifies 
an ad- 


dress word 
"1", 
or a command 
word 
"0". 
Next, 
a parity 
bit is received 
and 
checked 
by the 
internal 
logic for even 
parity. 
Finally 
a stop 
bit is received. 
At the completion 
of 
the 
cycle 
if the 
address 
compared, 
a Valid 
Address 
Pulse 
(VAP) 
occurs. 
Immediately 
following 
the address 
word, 
a 
command 
word 
is received. 
It also 
contains 
a start 
bit, 
eight 
data 
bits, 
even 
parity 
bit, and 
a stop 
bit. The 
eight 
data 
bits 
are composed 
of a seven-bit 
command, 
and 
a 


"0" 
which 
indicates 
a command 
word. 
At the 
end of the 


command 
word 
a Command 
Strobe 
Pulse (CS) occurs. 


A negative 
transition 
on the 
Send 
input 
initiates 
the 


transmit 
sequence. 
Again the 
transmitted 
data 
is made 
up 
of 
two 
eleven-bit 
words. 
The 
data 
portion 
of the 
first 
word 
is 
made 
up 
from 
Input 
Data 
inputs 
(100-1071. 


and the data for the second 
word 
from 
Second 
Input 
Data 
(SO-S7) 
inputs. 
This 
data 
is latched 
before 
the 
start 
of 
transmit 
of the 
first 
of the 
two 
words. 
The 
transmitted 
signal 
is the 
inversion 
of the 
standard 
UART 
TRO, 
which 
allows 
the use of an inverting 
amplifier 
to drive the lines. 


The 
oscillator 
can 
be 
crystal 
controlled 
or 
ceram ic 
resonator 
controlled 
for required 
accuracy. 
Pin 1 may 
be 
driven 
from 
an 
external 
clock 
source. 
See 
Figure 
1. 


AO 
A1 
A2 


A3 


A4 
VAP 
A5 
A6 
Send 


Al 
A2 


A3 
A4 


A5 
VAP 
A6 


• 


*Oat8 format for both transmit and receive consists of: 


1 Start 
Bit 
8 Data Bits 


1 Even 
Parity 
Bit 


, Stop 
Bit 


@ MOTOROLA 


The 
MC14478/MCC14478 
is 
a 
fully 
integrated 
5-function, 


4-digit, liquid crystal display watch circuit, fabricated with Motorola 
low-threshold 
metal-gate CMOS technology. The circuit is designed 
to 
readily interface with 
standard LCD 3-1/2 digit display where 
automatic 
shutdown 
and lamp test are not required. To provide 


voltage to drive the LCD, a highly efficient 
voltage tripler (that can 
be used as a doubler) produces nominally 4.25 V (2.85 V for doub- 
ler). The voltage multiplier 
circuit requires three external capacitors 


(two for voltage doubler). Two external switches and the oscillator 
circuitry 
complete the design_ 


Hours: Minutes 
Month 
Date 
Seconds 


• 
Single 1.5 V Battery Operation 


• 
Two Button Operation: Display and Set 


• 
32.768 kHz Oscillator Requires External Crystal and 


Trimmer 
Capacitor 


• 
Test Input Allows High SpeedTesting 


• 
High Efficiency Voltage Tripier/Doubler 


• 
Requires Only Three/Two External Capacitors 


• 
MCC14478 Die is Similar to the MCC14480 Without Lamp 
Test and Automatic Shutdown 


• 
MCC14478 Replaces: 
AMI 
TI 
S1424A 
TP0232/TP0233 


MC14478 
MCC14478 


5-FUNCTION,4-DIGIT 
LCD WATCH CIRCUIT 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
711• 


rUff" 
Denote, 


P 
PlastIc 
Package 


-- 
Chip 
• 
Upon power-up the chip will be in the freeze mode and Mode 1 
or Mode 2 can be entered with 
respective depressions of DISPLAY 
or SET. 


Push Set Once 
Watch 
alternates 
between 
hours/minutes 


and month/date 
for 2 seconds 
each 


Push Display 
Once 
Seconds displayed 
continuously 


OPERATION 


(MODE 
11 


Push 0 isplay. 
. . Month 
and date 


After 
2 seconds display 
will 
return 
to hours and minutes 


Push 
Display 
Twice 
(or once 
if month/date 


is being 
displayed) 
Seconds 
displayed 
continuously 


Push 
Display. 
Return 
to hours 
and 
minutes 


Push Set 


Push Set 


Push Set 


Push Set 
Push Set 


· ... 
Places 
display 
into 
Mode 
2 


.. Set month· 


· 
Set day· 


· 
Set hour· 


· 
Set minutes 


(Resets 
and holds 
seconds)· 


Releases 
seconds 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
V 
-0.3 
to +3.0 
Vdc 


Supply Voltage 
VOO to VSS 
o to +6.0 
Vdc 


Input Voltage (Pins 3, 37, 20, 391 
Vin 
VOO + 0.3 to VSS - 0.3 
Vdc 


All Other Inputs 
Vin 
VOO + 0.3 to VEE - 0.3 
Vdc 


Operating Temperature Range 
TA 
-5.010+70 
°c 


Storage Temperature Range 
Tstg 
-25 
to +85 
°c 


Characteristic 
Conditions 
Min 
Typ 
Max 
Units 


Oscillator Start Voltage 
1.45 
- 
Vdc 


Oscillator Sustaining Voltage 
1.30 
- 
- 
Vdc 


Input Voltage Levels 
Vdc 


Oisplay, Set 


Logical "'" 
VOO - 0.25 
- 
- 


Logical "0" 
Internal Pulldown VSS 
- 
Open 
- 


Test 


Logical "1" 
- 
- 
VSS + 0.25 


Logical "0" 
Internal Pulldown VOO 
- 
Open 
- 


Input Current Levels 
~A 


Display. Set 
Vin = VDO 
2.0 
5.0 
30 
Test 
Vin = VSS 
- 
- 
15 


Output Current Levels 
~A 


Segment Drivers 


Logical "'" 
Vout = VOO -0.15 
V, 
2.0 
- 
- 


VOO - VEE = 3.0 V 


Logical "0" 
Vout = VEE + 0.15 V, 
2.0 
- 
- 


VOO - VEE = 3.0 V 


BP = 32 Hz 


Logical "'" 
Vout = VOO -0.15 
V, 
20 
- 
- 


VOO - VEE = 3.0 V 


Logical "0" 
Vout = VOO+ 
0.15 V, 
20 
- 
- 


VOO-VEE=3.0V 


Supplv Current, 'S5 
f - 32,768 Hz 
5.0 
~A 


VOO - VSS = 1.6 V 


Doubler Voltage, VDD - VEE 
Doubler connected (No loading) 
2.5 
2.55 
- 
Vdc 


TripIer Voltage, VOO - VEE 
Tripier connected (No loading) 
4.35 
4.4 
- 
Vdc 


This 
device contains circuitry 
to 
protect 


the inputs against damage due to high static 
voltages or electric 
fields; 
ho~ver, 
it 
is 


advised that 
normal 
precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 


impedance circuit. For proper operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range VS5 
~ 
(Vin 
or 
Vout) 
•• VOO' 


Doubler 
Tripier 
-=- 


0.05 
j.J.F 
r- 


5'2 


Cap 2 
0.05"FL 


Cap 3 


Cap 1 


VEE 


0.05"FI 


-=- 
. 
• 
1 fl 
bl 
- 
• 
1 al 
• c 1 


d 


K 
3 
Digit No. 


G; 
0~5;;J~ 


al 
U 
lnUUOO 
I 
I 
I 
I 
I I 
I 
-E 
II, 
k- 
'a- 


1d- 


I 


1c- 


Colon- 


2a- 


0.130 


l'1.5V 


w 
w 
> 
I 
_1. 


-If 
_1. 


-'b 


-2. 
m 


-2f 


-2. 


-2b 


-3. 


-3f 


-Test 
3' 


-Test 
l' 


I 
I 


0 
. 
0 
<Il 
0 
> 
.0 . 


M 
0 
<Il 
0 . 
M 
M 
<Il 
> 
% 
> 
> 
0 


® MOTOROLA 


The 
MCC14479/MCC14480 
are 
fully 
integrated 
5-function, 
4-digit, liquid crystal display watch circuits fabricated with Motorola 
low-threshold 
metal-gate CMOS technology_ The circuit 
is designed 
to 
readily 
interface 
with 
standard 
LCD 3-1/2 
digit 
displays. To 
provide vpltage to drive the LCD, a highly efficient 
voltage tripler 
(that can be used as a doubler) 
produces nominally 
4.25 V (2.85 V 
for doubler). 
The voltage multiplier 
circuit 
requires three external 
capacitors (two for voltage doubler). Two external switches and the 
oscillator circuitry 
complete the design. 


Hours: Minutes 
Month 
Date 
Seconds 


• 
Direct Liquid Crystal (LCD) Drive 


• 
Single 1.5 V Battery Operation 


• 
Two Button Operation: 
Display and Set 


• 
32.768 kHz Oscillator Requires External Crystal and 
Trimmer Capacitor 


• 
Test Input Allows High Speed Testing 


• 
High Efficiency 
Voltage Tripier/Doubler 


• 
Requires Only Three/Two 
External Capacitors 


• 
Shutdown Mode, to Provide Reduced Power 
During Storage 


• 
MCC14479 Die is the Mirror 
Image of MCC14480 


• 
MC144BO Replaces: 


AMI 
TI 
National 


S1424A 
TP0232/TP0233 
MM5811B/MM5B120 
MM58117/MM5B119 


MCC14479 
MC14480 
MCC14480 


5·FUNCTION,4-DIGIT 
LCD WATCH CIRCUIT 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
715 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
711 
• 


Suffix 
Oenot •• 
1:; L 
Ce'em;c 
Peckeg> 


P 
Plutic Peckage 


-- 
Chip 


POWER-UP 
Upon power-up, circuit will be in shutdown with OSCinpulled up 


to 
VOO 
and 
in 
low 
current 
state. 
One 
depression 
of 
DISPLAY 
will cause 
the 
oscillator 
to start 
with 
the device 
in the freeze 
mode. 
At 
this 
point, 
watch 
can 
enter 
Mode 
1 or Mode 
2 with 
respective 
depressions 
01 DISPLAY 
or SET. 


OPERATION 


(MODE 
1) 


Push 
Displav. 
. 
. 
Month 
and 
date 
After 
2 seconds 
display 
will return 
to hours 
and 
minutes 


Push Display 
Twice 
(or once if month/date 


is being displayed) . 
. 
Seconds displayed continuously 


Push Display 
Return to hours and minutes 


Push Sel 
Push Sel 
Push Sel 
Push Sel 
Push Sel 


.Places display into Mode 2 
.. Set month· 
........ 
SeldlY· 


............. 
Set hour· 


.............. 
Set minutes 


(Resets and holds seconds)· 


Push Display 
Releases seconds 


·Display advances display at one second rate. 


This 
device contains circuitry 
to 
protect 


the inputs against damage due to high static 
voltages or electric 
fields; 
hoVWtver, it 
is 
advised that 
normal 
precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 


impedance circuit. 
For proper operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
<; (Vin 
or 
Voutl 
<; VOO' 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VOO to VSS 
-0.3 to +3.0 
Vdc 


Supply Voltage 
VOO to VEE 
o to +6.0 
Vdc 


Input Voltage (Pins 3, 37, 20, 39) 
Vin 
VOO + 0.3 to VSS - 0.3 
Vdc 


All Other Inputs 
Vin 
VOO + 0.3 to VEE - 0.3 
Vdc 


Operating Temperature Range 
TA 
-5.0 
to +70 
°c 


Storage Temperature Range 
Tstg 
-25 to +85 
°c 


Characteristic 
Conditions 
Min 
Typ 
Max 
Units 


Oscillator Start Voltage 
1.45 
- 
- 
Vdc 


Oscillator Sustaining Voltage 
1.30 
- 
- 
Vdc 


Input Vol'tage Levels 
Vdc 


Display, Set 


Logical "1" 
VOO - 0.25 
- 
- 


Logical "0" 
Internal Pulldown VSS 
- 
Open 
- 


Test 
Logical "1" 
- 
- 
VSS + 0.25 
Logical "0" 
Internal Pullup VOO 
- 
Open 
- 


Input Current Levels 
uA 
Display, Set 
Vin = VOO 
2.0 
5.0 
30 
Test 
Vin = VSS 
- 
- 
15 


Output Current Levels 
uA 


Segment Drivers 
Logical "1" 
Vout" 
VOO -0.15 
V, 
2.0 
- 
- 


VOO - VEE = 3.0 V 


Logical "0" 
Vout = VEE +0.15 
V, 
2.0 
- 
- 


VOO - VEE = 3.0 V 


BP = 32 Hz 
Logical "1" 
Vout = VOO -0.15 
V, 
20 
- 
- 


VOO - VEE = 3.0 V 


Logical "0" 
Vout"VOO+0.15V, 
20 
- 
- 


VOO - VEE = 3.0 V 


Supply Current, 'DO 
f • 32,768 Hz 
- 
- 
5.0 
uA 
VOO - VSS = 1.6 V 


Doubler Voltage, VDO - VEE 
Doubler connected (No loading) 
2.5 
2.55 
- 
Vdc 


Tripier Voltage, VOO - VEE 
Tripier connected (No loading) 
4.35 
4.4 
- 
Vdc 


..i-, 
$1 


..i- 
$2 


I +1.5V 


I • 
I • 


II 


The 
test 
mode 
of 
the 
MC14480 
bypasses 
the 
initial 


-c 1024 counter 
chain 
from aSCin to the backplane 
output 
(32 
Hz) 
and 
causes 
the 
outputs 
to 
operate 
at dc 
levels 
with 
a logic "1" 
(VOO) 
denoting 
a segment 
on condition 
and a logic 
"0" 
(VEE) 
denoting 
a segment 
off condition. 


To get into 
the 
test 
mode, 
aSCin must 
be clocked 
until a 
1 -+ 0 transition 
is sensed 
on the 
backplane 
output. 
At 
this 
time 
aSCin must 
be clocked 
an additional 
256 
times 


and 
left in the high state 
(VOO). The Test input 
should 
be 
at 
a 
"1" 
while 
this 
initialization 
routine 
is being 
per- 


formed, 
but 
should 
be taken 
to VSS after 
setup. 
The Test 
input 
may 
now 
be clocked 
into 
the 
-c 32 
counter 
chain 


and 
should 
toggle 
between 
VOO and VSS and be left at 
VSS when 
any 
output 
interrogation 
is being 
done 
(this 


is 
necessary 
to 
hold 
dynamic 
flip-flops 
in the 
-c 1024 
counter 
chain). 
In 
the 
fast 
test 
mode, 
the 
MC14480 
switch 
closures 
are de bounced 
with 2 positive 
clock transi- 


tions 
of test, 
and switch 
openings 
are debounced 
with 
one 
positive transition. 


NOTES: 


1. 
During Set Mode a/l counts advance at 1 Hz fate with 
push of display. 
2. 
Setting Minute. resets and holds Seconds (Fre.ze 
Mode) until watch 


is r.tarted. 


3. 
Upon 
power-up. 
chip 
will 
be In shutdown 
with 
Oscin pulled 
up to 


Voo 
and in low current 
state. 
One depression 
of Display 
will 


cause the device 
to start 
(Mode 
1), 


4. 
Segment 
Test, 
when 
Set and 
Display 
are simultaneously 
pressed. 


.11 segments come on. 
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@ MOTOROLA 
MCC14481 


The MCC14481 is a fully 
integrated 6-function, 
4-digit liquid 


crystal watch circuit 
fabricated with Motorola low threshold metal 


gate CMOS technology. 
The circuit 
interfaces with 
a 3-1/2- 
or 


4-digit LCD display with two additional segments,one above and 
one below the colon_ To provide sufficient 
voltage to drive the 
LCD display, an efficient 
voltage tripler 
(or doubler) 
produces 


nominally 
4.25 volts (2.85 for the doubler). Three external capa- 
citors 
are required for 
the tripler 
(two 
for 
the doubler!. 
Two 


additional 
switches and 
the 
oscillator 
circuitry 
complete 
the 


watch 
circuit. 


6-FUNCTION.4-DIGIT 
LCD WATCH CIRCUIT 


• 
Six Function: 


Hours and Minutes 
Day of the Week 
Month and Date 
Seconds 


• 
Automatic 
Four-Year 
Calendar 
• 
Direct Liquid Crystal (LCD) Driver 


• 
Single 1.5 V Battery Operation 


• 
Two-Button Operation: Display and Set 
• 
32.768 kHz Oscillator Requires External Crystal and 
T ri m mer Capac itar 


• 
Test Input Allows High-SpeedTesting 


• 
High·Efficiency Voltage Tripler/Doubler 
Requires 


Only Three/Two 
External Capacitors 


• 
Automatic Shutdown and Resetof Watch 
• 
Power-On Resetto MO, 1-1, 
1:00 AM, FreezeMode 


• 
DISPLAY 


88 ::88 


• 
Day of the Week 


MO 
TU 
WE 
TH 
F 
SA 
SU 


MCC PREFIX CHIP 
48-Pin Package available on a limited 
sample 
basis 
for 
experimental 
use. 


Hour and minutes, colon flashing seconds 
Month/date 


After 
1.0 second 
display 
shows day 


Push SET three 
times: 
Push SET: 
Push SET: 
Push SET: 
Push SET: 
Push SET: 
Push DISPLAY: 


Set month-18ee 
shutdown operation) 


Set date· 
Set day of the week· 
Set hours· 
Set minutes- 
Hours/minutes, not running 
Hours/minutes, 
normal run mode 


After 
1.0 second 
display 
returns 
to hours/ 


minutes 


Push DISPLAY twice; 
Seconds 


Push DISPLAY once: 
Seconds return to hours/minutes 


SHUTDOWN OPERATION: 
Follow 
SET PROCEDURE into set month 
mode. After 
approximately 
150 seconds, watch shuts down. 


Push DISPLAY once to start watch. 


FAST SET OPERATION: 
For setting, for example, HRS at faster than 1 Hz rate, DISPLAY may be tapped and the hours will 
advance at the tapped rate. 


POWER UP: 
At power·up, the watch will reset and be in the 
Freeze Mode displaying 1:00. 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VOO to VSS 
-0.3 to +3.0 
Vdc 


Supply Voltage 
VOO to VEE 
o to +6.0 
Vdc 


Input Voltage 
Vin 
VOO +0.3 to VSS -0.3 
Vdc 


Operating Temperature Range 
TA 
-5 to +70 
°c 


Storage Temperature 
Range 
Tstg 
-25 
to +85 
vc 


This 
device contains circuitry 
to 
protect 


the inputs against damage due to high static 
voltages or 
electric 
fields; hO'Never, it 
is 
advised that 
normal 
precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation 
it 


is recommended 
that 
V In 
and 
Vout 
be 
constrained 
to 
the 
range VEE/VSS"';;; (Vin 


or Vout) 
" 
VOO· 


Characteristic 
Conditions 
Min 
Tvp 
Max 
Units 


Oscillator Start Voltage 
'.45 
- 
- 
Vdc 


Oscillator Sustaining Voltage 
1.3 
- 
- 
Vdc 


Input Voltage Levels, Display. Set. Test 
Vdc 


Logical "'" 
VOO-0.25 
- 
- 


Logical "a" 
Internal Pulldown VSS 
- 
Open 
- 


Input Current Levels, Display. Set, Test 
Vin - VOD 
0.5 
4.0 
25 
"A 
Output Current Levels, Segment Drivers 
"A 
IBP = 32 Hzl 


Logical "'" 
Vou' = VOO-0.2 
V, VOO-VEE 
= 4.5 V 
2.0 
- 
- 


Logical "a" 
Vout = VEE+0.2 V, VOO-VEE 
= 4.5 V 
2.0 
- 
- 


Supply Current. 100 
f - 32,768 Hz 
7.0 
"A 
VOO-VSS = '.6 V 


VOO-VEE 
= 4.8 V 


I'2 
P 
F 
Output 
Function 
Control 


Doubler 
Tripier 


0.05 
JlF 
.,,",[ 


512 


Cap 2 


Cap 3 


Cap 1 


VEE 


0.05 ~FI 


-= 
. 
- 
- 
I I I • 
I II 
01 
6 Function 
- 
- 
Display 
I I I..!.. 
I -I gel 
- 
- 
V 
d 


K 
2 
3 
Digit 
No. 


· 


x 
. 


• 10 I- 
-I II 
01 
I • 1 
- 
- 
I=-Ie 
1--I...l- I 
I -I gel 
- 
d 
· 


V 


Date is followed 
by month. 


Connect 
Pad/Pin 
3 to VOD' 


Digit 
No. 


MO 
TU 
WE 
TH 
F 
SA 
SU 


10 
3. . 
30 
10 
3a . 
30 
2. 
2. 
3. 
2. 
30 
1e 
30 
21 
3c 
1e 
31 
21 
3e 
21 
2e 
30 
2e 
3c 
. 
3c 
2e 
3d 
V 
3. 
2_ 
31 
2. 
2d 
3e 
2d 
3d 


2f 
3d 
2. 
3_ 
20 
3. 
2. 
3. 
2. 
21 
3_ 
2. 
3. 
2_ 
3_ 
31 
2c 
3d 
3_ 
2. 
31 
21 
31 


2. 
31 
2d 
3. 
20 
20 
2c 
21 


I+1.5V 


VEE 
108 
1063b 


CaPout 
100 


9751 


OSCout 90 
89 Test (VT) 


83 Foreign 


73 VDD 


Oscin 68 


130 
61 VEE 


CaPin 
52 
52 V5S 


Cap 3 44 
44 CT 


Cap 2 35 


33 S2 


51227 
243g 


Cap 1 18 
163c 


BP 10 


a 
12 
22 
32 
42 
52 
62 
72 
82 
92 
102 
112 
122 
150 
k. 
kc 
,. 
ld 
1c 
C 
y 
2. 
2d 
2c 
3. 
3d 
0 
L 
0-160 
N 


® MOTOROLA 


The MC14490 is constructed with complementary MOS enhance- 
ment mode devices. and is used for the elimination 
of extraneous 
level changes that result when interfacing with mechanical contacts. 
The digital contact bounce eliminator circuit 
takes an input signal 
from 
a bouncing contact and generates a clean digital signal four 
clock periods after the input has stabilized. The bounce eliminator 
circuit will remove bounce on both the "make" and the "break" of 
acontact closure. The clock for operation of the MC14490 is derived 
from 
an internal 
R-C oscillator which requires only 
an external 
capacitor 
to 
adjust for 
the desired operating frequency 
(bounce 
delay). The clock may also be driven from an external clock source 
or the oscillator of another MC14490. 


• 
Diode Protection on All Inputs 


• 
Noise Immunity = 45% of V DD Typical 


• 
Six Debouncersper Package 


• 
Internal Pullups on All Data Inputs 


• 
Internal Oscillator (R-C). or External Clock Source 


• 
TTL Compatible Data Inputs/Outputs 


• 
SingleLine Input, DebouncesBoth "Make" and "Break" Contacts 


• 
Does Not Require "Form C" (Single Pole Double Throw) Input Signal 


• 
Cascadablefor Longer Time Delays 


• 
Schmitt Trigger on Clock Input (Pin 71 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc IMC14490EFL/FL/FP) 
= 3.0 Vdc to 6_0Vdc (MC14490EVLIVLNP) 


MC14490 


HEX CONTACT 
BOUNCE ELIMINATOR 
,-,- 
, 
L SUFFIX 
P SUFFIX 


CERAMIC 
PACKAGE 
PLASTIC 
PACKAGE 


CASE 
620 
CASE 
648 


~~ 


Uff;X 
Denote, 


L 
Ceramic 
Package 
P 
Plastic 
Package 
F 
Extended Operating 
Voltage 
Range 
(3V 
to laV) 
V 
LImited 
Operating 
Voltage 
Range (3V 
to 6V) 
Blank 
Standard 
Operating 
Temperature 
Range (-40 
to +8SoC) 
E 
Extended 
Operating 
Temperature 
Range (-55 
to +12SoC) 


Voa 
= Pin 16 
Vss:: 
Pin 8 


4>' ~ 
4>2~ 


~2 
Bout 


<1>' • 
ot>2. 


~13Cout 


<1>'. 
ot>2. 
P-----o 
4 
°out 


<1>' • 
<1>2·. 


~" 
Eout 


<1>'+ 
<1>2+ 


~6 
Fout 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
Vdc 


- 
MC14490 EFL/FL/FP 
+18 to -0.5 


- 
MC14490EVLIVLlVP 
+6.0 to -0.5 


Input Voltage, All Inputs 
Vin 
VOO +0.5 
Vdc 


to VSS -0.5 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature Range MC14490EFl/EVl 
TA 
-55 to +125 
°c 


MC14490FLlFPlVLIVP 
-40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or electric 
fields; hOlNever, it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 


impedance circuit. For proper operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS 
-< 
(Vin 
or 
Vout) 
llO; VDO' 


Voo" 
Tlow " 
250C 
Thigh" 


Charaet.istic 
Symbol 
Vde 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" Level 
Vout 
5.0 
- 
0.01 
- 
0 
0.01 
- 
0.05 
Vde 


10 
- 
0,01 
- 
0 
0,01 
- 
0.05 


15 
- 
0.02 
- 
0 
0.02 
- 
0.10 


"," 
Level 
5.0 
4.99 
- 
4.99 
5.0 
- 
4.95 
- 
Vde 


10 
9.99 
- 
9.99 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.75 
- 


Noise Immunity 
VNL 
Vdc 


(6Vout 
< 0.8, Vdc) 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 


(6Vout 
< 1.0 Vdcl 
10 
3.0 
- 
3.0 
4.50 
- 
2.9 
- 


(6Vout 
<1.5 
Vdc) 
15 
4.5 
- 
4.5 
6.75 
- 
4.4 
- 


(6Vout 
< 0.8 Vdcl 
VNH 
5.0 
1.4 
- 
1.5 
2.25 
- 
1.5 
- 
Vdc 


(6Vout 
< 1.0 Vdcl 
10 
2.9 
- 
3.0 
4.50 
- 
3.0 
- 


(6Vout 
<1.5 
Vdcl 
15 
4.4 
- 
4.5 
6.75 
- 
4.5 
- 


Output Drive Current •.•.• 
IOH 
mAdc 


Source 
Oscillator Output 


1VOH = 2.5 Vdc) 
5.0 
-0.23 
- 
-0.20 
-1.7 
- 
-0.16 
- 


(VOH = 9.5 Vdcl 
10 
-0.23 
- 
-0.20 
-0.9 
- 
-0.16 
- 


(VOH = 13.5 Vde) 
15 
-0.69 
- 
-0.60 
-3.5 
- 
-0.48 
- 


Debounce Outputs 
1VOH = 2.5 Vdcl 
5.0 
-0.60 
- 
-0.50 
-2.6 
- 
-0.4 
- 


(VOH = 9.5 Vde) 
10 
-0.60 
- 
-0.50 
-1.4 
- 
-0.4 
- 


(VOH = 13.5 Vdel 
15 
-1.8 
- 
-1.5 
-5.4 
- 
-1.2 
- 


Sink 
IOL 
mAdc 


Oscillator Output 


(VOL 
= 0.4 Vdel 
5.0 
0.23 
- 
0.20 
0.78 
- 
0.16 
- 


(VOL 
= 0.5 Vde) 
10 
0.60 
- 
0.50 
2.0 
- 
0.4 
- 


(VOL 
= 1.5 Vdel 
15 
1.8 
- 
1.5 
7.8 
- 
1..2 
- 


Debounce Outputs 


(VOL 
= 0.4 Vde) 
5.0 
2.4 
- 
2.2 
4.0 
- 
1.8 
- 


(VOL 
= 0.5 Vde) 
10 
4.0 
- 
3.3 
10 
- 
2.7 
- 


(VOL = 1.5 Vdcl 
15 
12 
- 
10 
40 
- 
8.1 
- 


Input Leakege Currents 
IIH 
pAdc 


Debounce Inputs 
- 
- 
- 
- 
10 
- 
- 
- 


(VIH = VOO) 


Pullup Resistor Source Current 
IlL 
IJ.Adc 


Debounce Inputs 
5.0 
210 
375 
140 
190 
255 
70 
130 
IVIL = Vss) 
10 
415 
740 
280 
380 
500 
145 
265 


15 
610 
1100 
415 
570 
750 
215 
400 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
- 
- 
- 
pF 
(Vin = 0) 


Quiescent Current 
100 
/lAde 


5.0 
- 
150 
- 
40 
120 
- 
100 


10 
- 
280 
- 
75 
225 
- 
180 


15 
- 
840 
- 
225 
675 
- 
550 


"Tlow 
= -5s"C 
for MCl4490 
EFL, EVL; -400C for MCl449OFL, 
FP, VL. VP. 


Thigh = +12s"c 
for MCl4490EFL, 
EVL; +8s"C for MCl449OFL. 
FP. VL. VP. 


··Only 
5-volt specificattonsapply to MCl4490 
EVl. 
Vl, 
VP devices. 
···Care 
must be taken not to exceed maximum current ratings (See Maximum 
Rlltings Tllb~ and Figure 21. 


Voo" 
Tlow 0 
25°C 
Thigh- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


All 
Outputs 
5.0 
- 
- 
- 
70 
- 
- 
- 


10 
- 
- 
- 
35 
- 
- 
- 


15 
- 
- 
- 
25 
- 
- 
- 


Output Fall Time 
tTHL 
ns 


Oscillator Output 
5.0 
- 
- 
- 
70 
- 
- 
- 


10 
- 
- 
- 
35 
- 
- 
- 
15 
- 
- 
- 
25 
- 
- 
- 


Debounce Outputs 
5.0 
- 
- 
- 
50 
- 
- 
- 
ns 
10 
- 
- 
- 
25 
- 
- 
- 


15 
- 
- 
- 
18 
- 
- 
- 


Propagation Delay Time 
tPHL 
ns 


Oscillator 
I nput 
to 
5.0 
- 
- 
- 
625 
- 
- 
- 


Debounce 
Outputs 
10 
- 
- 
- 
250 
- 
- 
- 


15 
- 
- 
- 
200 
- 
- 
- 


tPLH 
5.0 
- 
- 
- 
700 
- 
- 
- 
ns 


10 
- 
- 
- 
275 
- 
- 
- 


15 
- 
- 
- 
200 
- 
- 
- 


Maximum 
Clock Frequency 
fel 
MHz 
(50% Duty Cycle) 
5.0 
- 
- 
- 
0.4 
- 
- 
- 


10 
- 
- 
- 
1.0 
- 
- 
- 


15 
- 
- 
- 
1.3 
- 
- 
- 


Minimum 
Setup Time 
tsu 
5.0 
- 
- 
- 
200 
- 
- 
- 
ns 


(See Figure 1) 
10 
- 
- 
- 
40 
- 
- 
- 


15 
- 
- 
- 
30 
- 
- 
- 


Maximum 
External 
Clock 
Input 
tTLH. 
ns 
Rise and Fall Time 
tTHL 
5.0 
No Limit 
Oscillator 
Input 
10 
15 


Typical 
Oscillator 
Frequency 
'ose 
- 
0.375 VDD 
f=---- 
(VOD 
in Vdc, Cext in pF) 
MHz 
Cext 


°Tlow = -55°C for MC14490 EFL. EVL; -4o"C for MC14490FL. FP. VL. VP. 


Thigh = +1250C for MC14490 EFL. EVL; +850C for MC14490FL. FP. VL. VP 
··Onty 
5-\lolt specifications 
apply to MCl4490 
EVL. VL. VP devices. 


OV 


VOO 


OV 


1000 
jt 
900 


oS 
z 
800 
o 


~ 
700 


~j600 
o~ 
~~ 
500 


~~ 
400 
~ 
::E 
300 
x 
'" 
100 
::E 
~ 
100 
o 
15 
j 


VOO 


50% 
. 
.-"uc 


OV 


---------5-0%- 
VOO 
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The 
MC14490 
Hex Contact 
Bounce Eliminator 
is 
basically a digital 
integrator. The circuit 
can integrate 
both up and down. This enablesthe circuit to eliminate 
bounce on both the leading and trailing edgesof the signal, 
shown in the timing diagram of Figure 3. 
Each of the six Bounce EIiminators is composed of a 
4%-bit register (the integrator) and logic to compare the 
input with the contents of the shift register, as shown in 
Figure 4. The shift 
register requires a series of timing 


pulses in order to shift the input signal into each shift 
register location. 
These timing 
pulses (the clock signal) 
are represented in the upper waveform of Figure 3. Each 


of 
the 
six 
Bounce 
Eliminator 
circuits 
has 
an 
internal 


resistor as shown in Figure 4. A pullup resistor wasincor- 
porated rather than a pulldown resistor in order to imple- 
ment switched ground input signals,such asthose coming 
from 
relay 
contacts and push buttons. 
By switching 
ground, rather than a power supply lead, system faults 
(such as shorts to ground on the signal input leads) will 


not 
cause 
excessive 
currents 
in 
the 
wiring 
and 
contacts. 
Signal lead shorts to ground are much more probable than 
shorts to a power supply lead. 
When the relay contact is open the shift 
register is 
loaded with a 1 (positive logic assumed)on each positive 
edge of the clock signal. To understand the operation, we 
assumeall bits of the shift register are loaded with 1's and 
the output is at a 1 or high level. 


At clock edge 1 (Figure 3) the input has gone low 
and a 0 (low level) has been loaded into the first bit or 
storage location of the shift register. Just after the posi- 
tive edge of clock 1 the input signal has bounced back to 
a logic 1. This causesthe shift register to be reset to all 
1's in all four bits - 
thus starting the timing 
sequence 


over 
again. 
During clock edges3 to 6 the input signal has stayed 
low. Thus a logic 0 has been shifted into all four shift 
register bits and, as shown, the output goesto a 0 during 
the positive edgeof clock pulse 6. 
It should be noted that there is a 3% to 4% clock 
period delay between the clean input signal and output 
signal. In this example there is a delay of 3.8 clock periods 
from the beginning of the clean input signal. 


After some time period of N clock periods, the contact 


is opened and at N+7 a 1 is loaded into the first bit. Just 
after N+7, when the input bounces low, all bits are reset 
to 
0_ At 
N+8 nothing happens because the input 
and 
output are low and all bits of the shift register are O. At 
time N+9 and thereafter the input signal is a high (1) clean 
signal. At N+13 the output goes high (11 as a result of 
four 1's being shifted into the shift register. 


Assuming the input signal is long enough to be clocked 


through the Bounce Eliminator, the output signal will be 
no longer or shorter than the clean input signal plus or 
minus one clock period. 


The amount of time distortion between the input and 
output signals is a function 
of the difference in bounce 
characteristics on the edgesof the input signal and the 
clock 
frequency. Since most relay contacts have more 
bounce when making ascompared to breaking, the overall 
delay, counting 
bounce period, will 
be greater on the 
leading edge of the input signal than on the trailing edge. 
Thus, the output 
signal will 
be shorter than the input 
signal - 
if you include the leading edge bounce in the 


overall 
timing 
calculation. 


The only requirement on the clock frequency in order 


to obtain a bounce free output signal is that four clock 
periods do not occur while the input signal is in a false 


state. 
Referring 
to 
Figure 
3, a false 
state 
is seen 
to 
occur 
three times at the beginning of the input signal. The input 
signal goes low three times before it finally settles down 
to a valid low state. The first three low pulsesare referred 
to asfalsestates. 
. 


If the user has an available clock signal of the proper 
frequency, it may beusedby connecting it to the oscillator 
input (pin 7). However, if an external clock is not available 


the 
user 
can 
place 
a small 
capacitor 
across 
the 
oscillator 


input and output 
pins in order to start up an internal 
clock source (as shown in Figure 41. The clock signal at 
the oscillator output pin may then be used to clock other 
MC14490 BounceEliminator packages.With the useof the 
MC14490, a large number of signals can be cleaned up, 
with the requirement of only one small capacitor external 
to the Hex Bounce Eliminator packages_ 
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OPERATING 
CHARACTERISTICS 


The single most important 
characteristic of 
the 
driven with paralleled standard gatesor by the MC14049 
MC14490 is that it works with a single signal lead as an 
or MC14050 buffers. 
input, 
making it 
directly 
compatible with 
mechanical 
The clock input circuit 
(pin 7) has Schmitt trigger 


contacts (Form A and B). 
shaping such that proper clocking will occur even with 
The circuit has a built in pullup resistor on each 
very slow clock edges, eliminating any need for clock 


input. The worst casevalue of the pullup resistor (deter· 
preshaping. In addition, other MC14490 oscillator inputs 


mined from the Electrical Characteristicstable) isusedto 
can be driven from a single oscillator output 
buffered 
calculate the contact wetting current. 
If more contact 
by an MC14050 (seeFigure 5). 


current is required, an external resistor may be connected 
The MC14490 isTTL compatible on both the inputs 


betweenVDD and the input. 
and the outputs. When VDD is at 4.5 V, the buffered 


Becauseof the built in pullup resistors, the inputs 
outputs can sink 1.6 mA at 0.4 V. The inputs can be 


cannot be driven with a single standard CMOS gatewhen 
driven with 
TTL 
as a result of the internal input pull· 


VDD is below 5 V. At this voltage, the input should be 
up resistors. 


In applications 
where different 
leading and trailing 
edge delays are required (such asa fast attack/slow release 
timer.) Clocks of different frequencies can be gated into 
the MC14490 as shown in Figure 6. In order to produce a 
slow attack/fast 
releasecircuit 
leads A and B should be 


interchanged. The clock out 
lead can then be used to 
feed clock signals to the other MC14490 packageswhere 
the asymmetrical input/output 
timing is required. 


The contents of the Bounce Eliminator can be latched 
by wring several extra gates as shown in Figure 7. If the 
latch lead is high the clock will 
be stopped when the 
output 
goes low. 
This will 
hold the output 
low even 


though the input has returned to the high state. Any time 
the clock is stopped the outputs will be representative of 
the input signal four clock periods earlier. 


As shown in Figure 8, the Bounce Eliminator circuits 


can 
be 
connected 
in 
series. 
In 
this 
configuration 
each 
output 
is delayed by four clock periods relative to its 


respective input. This configuration may be used to gener- 
ate multiple 
timing 
signals such as a delay line, 
for 


programming 
other 
timing 
operations. 


One application 
of the above is shown in Figure 9, 


where it is required to have a single pulse output 
for a 
singleoperation (make) of the push button or relay contact. 
This only requires the series connection of two Bounce 
Eliminator 
circuits, 
one inverter, 
and one NOR 
gate in 


order to generate the signal AS asshown in Figures 9 and 
10. The signal AS is four clock periods in length. If the 
inputs to the NOR gate are interchanged the pulse AB will 
be generated upon release or break of the contact. With 
the use of a few additional parts many different 
pulses 


and waveshapesmay be generated. 
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Circuit 
diagrams utilizing 
Motorola 
products are Included asa means 
of 
illustrating 
tvplcal 
semiconductor 
applications. 
consequently. 


.::ofnplete information 
sufficient 
for 
construction 
purposes IS not 
necessarilV given. 
The mformation 
has been carefully 
checked and 


IS believed 
to 
be entirely 
reliable. 
However. 
no responsibility 
is 
assumed for 
inaccuracies. 
Furthermore, 
such Information 
does not 
convey to the purchaser of the semIconductor 
devices described any 


license under the patent rights of Motorola 
Inc. or others. 
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BCD-TO-SEVEN 
SEGMENT 
HEXADECIMAL 
LATCH/ 
DECODER/DRIVER 


The MC14495 BCD-to-seven segment hexidecimal latch/decoder/ 


driver 
is constructed with 
complementary 
MOS (CMOS) enhance- 
ment mode devices and NPN bipolar output drivers in a single mono- 
lithic structure. The circuit 
provides the functions of a 4-bit storage 
latch. It can be usedwith LED sevensegment displays without 
resis- 


tor interface at 5 volt supply. The resistors of typically 
290 ohms are 
internal to the part. 


Applications 
include MPU systems display driver, instrument dis- 
play 
driver, 
computer/calculator 
display 
driver, 
cockpit 
display 
driver, and various clock, watch, and timer uses. 


• 
Low Logic Circuit Power Dissipation 


• 
High-Current Sourcing Outputs With Internal Limiting 
Resistance 


• 
Latch Storage of Code 


• 
Supply Voltage Range = 4.5 Vdc to 16 Vdc 


• 
Internal Input Level Shift: 
Input +5 CMOS to VDD of +5 to +16 Vdc 
Input +5 V TTL with Pull-up, to VDD of +5 to +16 Vdc 


BLOCK DIAGRAM 
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VCR 
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MC14495 


BCD-TO-SEVEN 
SEGMENT 
HEXADECIMAL 
LATCH/DECODER/DRIVER 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


Suffix 
Denote. 


T - L 
Ceramic 
Package 
L P 
PI.stic 
Package 
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INPUTS 
OUTPUTS 


o 
C 
B 
A 
a 
b 
c 
d . f • 
h+i 
iiC1'l 
DISPLAY 


0 
0 
0 
0 
1 
1 , , 
1 
1 
0 
0 
Open 
0 
0 
0 
0 , 0 
1 , 0 
0 
0 
0 
0 
Open 
1 
0 
0 
1 
0 
1 , 0 
1 
1 
0 
1 
0 
Open 
2 


0 
0 , , , , 
1 
1 
0 
0 
1 
0 
Open 
3 


0 
1 
0 
0 
0 , , 0 0 , 
1 
0 
Open 
4 


0 , 0 , , 0 , 
1 
0 , 
1 
0 
Open 
5 
0 , , 0 , 0 
1 
1 , 
1 
1 
0 
Open 
6 
0 , 
1 
1 , , 
1 
0 
0 
0 0 
0 
Open 
7 


1 
0 
0 
0 , 
1 
1 , 
1 
1 
1 
0 
Open 
B 
1 
0 
0 , , 
1 , , 0 
1 
1 
0 
Open 
9 
, 0 
1 
0 
1 , , 0 
1 , 
1 
1 
Open 
A 
, 0 , , 0 
0 , , 
1 , , 
1 
Open 
b 


1 
1 
0 
0 
1 
0 
0 
1 
1 , 0 
1 
Open 
C 
, 
1 
0 
1 
0 , , 
1 , 0 , 
1 
Open 
d 
, , , 0 
1 
0 
0 
1 , , 
1 
1 
Open 
E 
1 
1 , , 
1 
0 
0 
0 , , 
1 
1 
0 
F 


Rating 
Symbol 
Valua 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +t8 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Input Pin 
I 
10 
mAdc 


Operating Temperature Range 
TA 
-40 tc +85 
°c 


Storage Temperature Range 
Tstg 
-65 to +150 
OC 


Maximum Continuous Output Power 
POHmax 
mW 
(Source) per Output@ 
25 °c 
Pins 1, 2, 3,12,13,14,15 
50 
Pin 14 
100 


This 
device contains circuitry 
to 
protect 


the inputs against damage due to high static 
voltages or 
el"!ctric fields; 
hov.ever, 
it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
imped.mce circuit. For proper operation it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS 
<; (Vin 
or 


Vou,l 
.;; VOO' 


Characteristics 
Symbol 
Condition 
Min 
Typ 
Max 
Unit 


OC Supply Voltage 
VOO 
4.5 
16 
Vdc 


Input Voltage 
VII 
- 
0.8 
Vdc 


VIH 
VOO = 15V 
4.0 
- 
Vdc 


VOO = 5.0V 
3.5 
- 


Input Current 
lin 
- 
±.10 
IJAdc 


Output VCR, Pin 11 
IOH 
VOH = VOO 
- 
±.10 
IJAdc 


Open Drain Output 
IOL 
VOL - 0.5V, VOO - 5.0V 
0.2 
- 
mA 


VOL = 0.5V, VOO = 15V 
1.0 
- 


IOH 
VOH = 2.0V, VOO - 5.0V 
-7.5 
mA 


VOH = 1.5V, VOO = 5.0V 
- 
-11.5 


VOH = 12V, VOO =15V 
-7.5 
Outputs a, b, c, d. e. f, g 
VOH = 11.5V, VOO = 15V 
- 
-11.5 


IOL 
VOL = 1.0V, VOO = 5.0V 
0.1 
- 
mA 
VOL = 1.0V, VOO = 15V 
0.5 
- 


IOH 
VOH = 2.0V, VOO = 5.0V 
-15 
- 
mA 
VOH =1.5V, 
VOO = 5.0V 
- 
-23 
VOH = 12V, VOO = 15V 
-15 
- 


Output h + i 
VOH = 11.5V, VOO = 15V 
- 
-23 


IOL 
VOL = 1V, VOO - 5.0 V 
0.2 
- 
mA 
VOL = 1.0 V, VOO = 15V 
1.0 
- 


OUTPUT 
CIRCUIT 


(Except 
Pin 11) 
Voo 


INPUT/OUTPUT 
FUNCTIONS 


Segment 
Driver 
(a, b, 
C, d, e, f, g, h, i; Pins 1;2, 
3, 4,12, 
13, 14, 15) 
The 
segment 
drivers 
are 
emitter·follower 
NPN· 
transistors. 
To 
limit 
the 
output 
current, 
a 
resistor 
typically 
290 ohms 
is integrated 
internally 
at each output. 


Therefore, 
external 
resistors 
are 
not 
necessary 
when 
driving 
an 
LED at the supply 
voltage 
of 
VDD = 5.0 volts. 


OUTPUT 
(VCR; Pin 11) 
This 
output 
is activated 
(goes 
to 
lowl 
whenever 
the 


address 
corresponding 
to 
program 
16 
is selected. 
Other· 
wise the output 
is open. 
See the truth 
table. 


INPUT 
LATCH 
(A,B, C, D; Pins 5, 6,8, 
10) 


The 
block 
diagram 
is shown 
on page 1. The inputs 
A, B, 


C, and 
D are fed 
to 
a 4·bit 
latch 
which 
is controlled 
by 


clock 
(CLI. Two 
modes 
of operation 
are available. 


CLOCK 
(CL; Pin 71 
The 
data 
on the inputs 
A, B, C and D will pass through 


the 
latch 
and 
will 
be 
displayed 
immediately 
when 
the 


clock 
is low. 
In this 
mode 
of operation 
the circuit 
is per- 


forming 
the 
function 
of 
a conventional 
decoder/driver. 


The 
data 
may be loaded 
into the latch when 
CL = low and 


will 
be latched 
with 
the 
rising 
edge 
of CL. The 
data 
will 


remain 
stored 
as long as CL is high. 


Voo '" 5.0V 


16 
12 
a 


A 
b 
13 


14 


B 


15 
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d 


Common 
Cathode 
LEO 
Display 


~ 
A through 
F 


Indicator 
-:= LED 


@ MOTOROLA 


The MC14500B 
Industrial 
Control 
Unit 
(ICU) 
is a single bit 
CMOS processor. The ICU is designed for use in systems requiring 


decisions 
based 
on 
successive 
single 
bit 
information. 
An 
external 
ROM stores the control 
program. With a program counter 
(and 
output 
latches and input 
multiplexers, 
if 
required) 
the ICU in a 
system forms a stored program controller that replacescombinatorial 
logic. Applications 
include relay logic processing, serial data mani- 


pulation 
and control. 
The ICU also may control 
an MPU or be 
controlled by an MPU. 


• 
16 Instructions 


• 
DC to 1.0 MHz Operation at VDD 
= 5 V 


• 
On Chip Clock (Oscillator) 


• 
Executes One Instruction per Clock Cycle 


• 
3 V to 1B V Operation 


• 
Noise Immunity Typically 45% of VDD 


• 
Quiescent Current 5.0 !JAde Typical at VDD = 5 V 


• 
Capable of Driving One Low-Power Schottky 
Load or Two Low- 


Power TTL Loads over Full Temperature Range 


Detailed operation 
and applications 
are given in the "MC14500B 
Industrial Control Unit" handbook. 


X11~41EN 
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MC14500B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;:.::;:t::Ck'9. 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Aang~ 


C 
Limited 
Operating 
Temperature 
Range 


This device contains circuitry to protect 
the 
inputs against damage due 
to 
high 
static voltages or electric fields; however, 
it is advised that 
normal precautions be 


taken to avoid application of any voltage 
higher than 
maximum 
rated voltages to 
this 
high impedance circuit. 
For proper 
operation it is recommended that Vin and 
Vout be constrained to the range VSS 
:r;;;; 


(Vin or Vout) " VOD- 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.510 
+18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature Range - 
AL Device 
TA 
-55 10 +125 
°c 


C LlCP Device 
-40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


VDD 
Tlow. 
250C 
Thigh- 


Characteristic 
Symbol 
Vde 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


Vin = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage # 
"0 Level" 
VIL 
Vdc 


RST,D,X2 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdel 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 
Vdc 


(VO = 0.5 or 4.5 Vde) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
1-1.0 
8.25 
- 
11.0 
- 


Input Voltage # 
"0" 
Level 
VIL 
Vdc 


10,11,12,13 
(VO = 4.5 or 0.5 Vdel 
5.0 
- 
0.8 
- 
1.1 
0.8 
- 
0.8 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
1.6 
- 
2.2 
1.6 
- 
1.6 


(VO = 13.5 or 1.5 Vde) 
15 
- 
2.4 
- 
3.4 
2.4 
- 
2.4 


"1" Level 
VIH 
Vdc 


(VO = 0.5 or 4.5 Vdc) 
5.0 
2.0 
- 
2.0 
1.9 
- 
2.0 
- 


(VO ='1.0 or 9.0 Vde) 
10 
6.0 
- 
6.0 
3.1 
- 
6.0 
- 


(VO = 1.5 or 13.5 Vdel 
15 
10 
- 
10 
4.3 
- 
10 
- 


Output Drive Current 
Source 
IOH 
mAdc 


Data, Write (AL/CLlCP 
Deviee) 
(VOH = 4.6 Vde) 
5.0 
-1.0 
- 
-1.0 
-2.0 
- 
-1.0 
- 


(VOH = 9.5 Vdc) 
10 
- 
- 
- 
-6.0 
- 
- 
- 


(VOH = 13.5 Vde) 
15 
- 
- 
- 
-12 
- 
- 
- 


(VOL = 0.4 Vde) 
Sink 
IOL 
5.0 
1.6 
- 
1.6 
3.2 
- 
1.6 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
- 
- 
- 
6.0 
- 
- 
- 
(VOL = 1.5 Vde) 
15 
- 
- 
- 
12 
- 
- 
- 


Output Orive Current 
Source 
IOH 
mAde 


Other Outputs (A L Oevice) 


(VOH = 2.5 Vdcl 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdel 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
8.8 
- 
-2.4 
- 


(VOL = 0.4 Vde) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vde) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current 
Source 
IOH 
mAde 
Other Outputs 
(CL/CP Devieel 
(VOH = 2.5 Vdcl 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH = 4.6 Vde) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vde) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vde) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


VDD 
Trow. 
250C 
Thigh· 


Characteristic: 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Input Current, RST IALlCLlCP 
Device) 
lin 
15 
25 
- 
- 
150 
- 
- 
250 
,uAdc 


Input Current (AL Device) 
lin 
15 
- 
±O.l 
- 
±0.00001 
±O.l 
- 
± 1.0 
}.lAde 


Input Current 
(ClICP 
Device) 
lin 
15 
- 
±O.3 
- 
±0.00001 
±O.3 
- 
± 1.0 
,uAde 


Input Capacitance lOata) 
Gin 
- 
- 
15 
pF 


Input Capacitance (All Other Inputs) 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 01 


Quiescent Current 
IAL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
~Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(CLlCP 
Device) 
IDD 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


"Total 
Supply 
Current 
at an External 
IT 
- 
IT = 11.5 ~A/kHzl 
f + 'DD 
~Adc 


Load Capacitance (eL) on 
IT = 13.0 pA/kHz) 
f + IDD 


All 
Outputs 
IT = (4.5 ~AlkHz) 
f + IDD 


•. 
Tlow;:: -5SoC for AL Device. _40°C for CL!CP Device. 
Thigh;:: + 12SoC for AL Device, +8SoC for CL/CP 
Device . 
•.•. The formulas given are for the typical characteristics only at 25°C. 
# 
Noise immunity 
specified for worst-case input combination. 


VDD 
All Types 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Propagation Delay Time X 1 to R R 
tPLH, 
5.0 
250 
500 
ns 


tpHL 
10 
- 
125 
250 
15 
- 
100 
200 


Xl 
to Flag F, Flag 0, RTN, JMP 
5.0 
- 
200 
400 
ns 


10 
- 
100 
200 
15 
- 
85 
170 


Xl 
to Write 
5.0 
- 
225 
450 
ns 
10 
- 
125 
250 
15 
- 
100 
200 


Xl 
to Data 
5.0 
- 
250 
500 
ns 


10 
- 
120 
240 
15 
- 
100 
200 


RST to RR 
5.0 
- 
250 
500 
ns 


10 
- 
125 
250 
15 
- 
100 
200 


RST to Xl 
5.0 
- 
450 
Note 1 
ns 


10 
- 
200 
15 
- 
150 


RST to Flag F, Flag 0, RTN, JMP 
5.0 
- 
400 
800 
ns 


10 
- 
200 
400 
15 
- 
150 
300 


AST to Write, Data 
5.0 
- 
450 
900 
ns 
10 
- 
225 
450 
15 
- 
175 
350 


Clock Pulse Width, 
Xl 
tW(d) 
5.0 
400 
200 
- 
ns 
10 
200 
100 
- 
15 
180 
90 
- 


Reset Pulse Width, 
RST 
tW(RI 
5.0 
500 
250 
- 
ns 


10 
250 
125 
- 
15 
200 
100 
- 
Setup Time - 
Instruction 
tsulll 
5.0 
400 
200 
- 
ns 
10 
250 
125 
- 


15 
180 
90 
- 


Data 
tsu(D) 
5.0 
200 
100 
- 
ns 
10 
100 
50 
- 
15 
80 
40 
- 
Hold Time - 
Instruction 
th(1) 
5.0 
100 
a 
- 
ns 
10 
50 
a 
- 


15 
50 
a 
- 


Data 
th(D) 
5.0 
200 
100 
- 
ns 


10 
100 
50 
- 


15 
100 
50 
- 


FIGURE 
1 - 
TYPICAL 
CLOCK 
FREQUENCY 
versus RESISTOR 
(Rcl 
Pin No. 
Function 
Symbols 
1 
Chip Reset 
RST 
2 
Write Pulse 
Write 
3 
Data InlOut 
Data 
4 
MSB I nstruction Word 
13 


5 
Bit 2 I nstruction Word 
12 


6 
Bit 1 Instruction 
Word 
11 
7 
LSB Instruction Word 
10 
8 
Negative Supply (Ground) 
Vss 
9 
Flag on NOP F 
Flag F 
10 
Flag on NOP 0 
Flag 0 
11 
Subroutine 
Return 
Flag 
RTN 
12 
Jump Instruction 
Flag 
JMP 
13 
Oscillator 
Input 
X2 
14 
Oscillator Output 
Xl 
15 
Result Register 
RR 
16 
Positive Supply 
VDD 


r 
1M 


a 
~ 


; 
100 
k 


~.. 
§ 


100 kn 
1Mn 


RC, 
CLOCK 
fREQUENCY 
RESISTQR 


TABLE 
1. MC14500B 
INSTRUCTION 
SET 


Instruction 
Code 
Mnemonic 
Action 


0 
0000 
NOPO 
No change in registers. 
RR-RR.FlagO-.n. 


1 
0001 
LD 
Load result register. 
Data - 
RR 


2 
0010 
LDC 
Load complement. 
Data 
-+ RR 


3 
0011 
AND 
Logical AND. 
RR 
Data 
-.. AR 


4 
0100 
ANDC 
Logical AND 
complement. 
RR 
Data 
-+ RR 


5 
0101 
OR 
LogicalOR. 
RR + Data 
- 
RR 


6 
0110 
ORC 
Logicat OR complement. 
RR+Data-RR 


7 
0111 
XNOR 
Exclusive NOR. 
If RR = Data, RR - 
1 
8 
1000 
STO 
Store. 
RR -+ Data Pin, Write-JL 
9 
1001 
STOC 
Store complement. 
RR - 
Data Pin, Write -.Jl.. 


A 
1010 
IEN 
Input enable. 
Data - 
I EN Register 
8 
1011 
OEN 
Output 
enable. 
Data - 
OEN Register 


C 
1100 
JMP 
Jump. 
JMP Flag - J1. 


D 
1101 
RTN 
Return. 
RTN 
Flag - JL and skip next instruction 


E 
1110 
SKZ 
Skip next instruction 
if RR ""0 


F 
1111 
NOPF 
No change in registers. 
RR - 
RR. Flag F -.fL 


I 


: 
Additional 


I 
Output 
Devices 
I 
L 
--.J 


MC14599B 


8-Bit 
Addressable 
Latch 
with 
Bidirectional 
Data 


MC14512 


8-Channel 


Data Selector 
r---------, 


I 
Additional 
I 


: 
Input 
Devices 
: 
I 
I 
I 
I 


--f-tPHL 
(RESET 
TO RR) 


4 Bit 
\ 
r-\ 
r-\ 
Instruction 
~~~------ 


FLAGO 
tPLH~Jl 
tPHL J k==~ 


FLAG 
F 
(_D_A_T_A_T_O_F_L_A_G_) 
~/ 
\L 
..__ 


RST 
I 


RR-' 
--~ 


JMP 
Flag 
j-------\ 
-----------------~ 
~====== -_-_-_----tP-H-L- 


RTN 
FI8g 
~/ 
\ 
(RESET 
TO Jump) 


~ 
~I 


tPHL 
(X1 to Write) 


NOTE 
1. Valid 
output 
data. 


Circuit 
diagrams utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibility 
is 
assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey 
to the purchaser of the semiconductor 
devices described 
any 
license under the patent 
rights of Motorola 
Inc. or others. 


@ MOTOROLA 


TRIPLE 
GATE 


DUAL 4-INPUT "NAND" 
GATE 
2-INPUT "NOR/OR" 
GATE 


8-INPUT "AND/NAND" 
GATE 


The MC14501 US constructed with MOS P-channel and N-channel 


enhancement 
mode 
devices 
in a single 
monolithic 
structure. 
These 


complementary MOS logic gates find primary use where low power 
dissipation and/or high noise immunity 
is desired. Additional 
char- 
acteristics can be found On the Family Data Sheet. 


• 
Ouiescent Current = 0.5 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity = 45% of VDD typical 


• 
Diode Protection orl All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation - Positive or Negative 


• 
High Fanout> 
50 


• 
Input Impedance = 1012 ohms typical 


• 
Logic Swing Independent of Fanout 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-05 
to VDD + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
'0 
mAde 


Operating 
Temperature 
Range 
- 
A L Device 
TA 
-55 to +125 
°c 


C LlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


MC14501UB 


TRIPLE 
GATE 
DUAL 4-INPUT "NAND" 
GATE 
2-INPUT "NOR/OR" 
GATE 
8-INPUT "AND/NAND" 
GATE 


MC'4XXXUB 
~SU~f;Xce~:i:t::Ckage 


t= P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


~P-- 
'3 
3 
, 
4 
,.---...; 
"~' 
14 AND 


'2 
5' 
15 NAND 


~~'O 


9 
VOO 
= Pin 16 


VSS 
= Pin 8 


VDD 
Tlow· 
25°C 
Thigh· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin:oVOOorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
= 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
;4.95 
- 


Input Voltage# 
"a .. Level 
V1L 
Vdc 


(VO : 3.6 or 1.4 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.4 


(VO : 7.2 or 2.8 Vdcl 
10 
- 
3.0 
4.50 
3.0 
- 
2.9 


(VO: 
11.5 or 3.5 Vdcl 
15 
- 
3.75 
- 
6.75 
3.75 
- 
3.6 


(VO: 
1.4 or 3.6 Vdc) 
"1" level 
V1H 
5.0 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO : 2.8 or 7.2 Vdcl 
10 
7.1 
- 
7.0 
5.50 
- 
7.0 
- 


(VO : 3.5 or 11.5 Vdcl 
15 
11.4 
- 
11.25 
8.25 
- 
" .0 
- 


Output 
Drive Current 
IOH 
mAde 


(AL Device) 
(VOH : 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
.-1.7 
- 
-0.7 
- 


(VOH : 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH : 9.5 Vdcl 
NAND 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH : 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOH : 2.5 Vdc) 
NOR 
5.0 
-2.1 
- 
-1.75 
-3.0 
- 
-1.22 
- 
mAde 


(VOH : 4.6 Vdc) 
5.0 
-0.42 
- 
-0.35 
-0.63 
- 
-0.24 
- 


(VOH : 9.5 Vdc) 
10 
-1.06 
- 
-0.88 
-1.58 
- 
-0.62 
- 


(VOH: 
13.5 Vdc) 
15 
-3.1 
- 
-2.63 
-6.12 
- 
-1.84 
- 


(VOH: 
2.5 Vdcl 
NOR- 
5.0 
3.6 
3.0 
5.1 
2.1 
mAde 


(VOH : 4.6 Vdcl 
5.0 
-0.72 
- 
-0.6 
-1.08 
- 
-0.42 
- 


(VOH : 9.5 Vdcl 
Inverter 
10 
-1.8 
- 
-1.5 
-2.7 
- 
-1.05 
- 


(VOH : 13.5 Vdcl 
15 
-5.4 
- 
-4.5 
-10.5 
- 
-3.15 
- 


(VOL: 
0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL: 
0.5 Vdc) 
NAND 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL: 
1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


(VOL: 
0.4 Vdcl 
NOR 
5.0 
0.92 
- 
0.77 
1.32 
- 
0.54 
- 
mAde 


(VOL: 
0.5 Vdcl 
10 
2.34 
- 
1.95 
3.37 
- 
1.36 
- 


(VOL: 
1.5 Vdcl 
15 
6.12 
- 
5.1 
13.2 
- 
3.57 
- 


(VOL: 
0.4 Vdc) 
NOR- 
5.0 
1.54 
- 
1.28 
2.2 
- 
0.90 
- 
mAde 


(VOL: 
0.5 Vdcl 
Inverter 
10 
3.90 
- 
3.25 
5.63 
- 
2.27 
- 


(VOL: 
1.5 Vdcl 
15 
10.2 
- 
8.5 
22 
- 
5.95 
- 


Output 
Drive Current 
IOH 
mAde 


(CLlCP Device) 
(VOH : 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH : 4.6 Vdc) 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH : 9.5 Vdc) 
NAND 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH • 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOH • 2.5 Vdc) 
NOR 
5.0 
-1.68 
- 
-1.4 
-3.0 
- 
-1.05 
- 
mAde 


(VOH ·4.6 
Vdc) 
5.0 
-0.34 
- 
-0.28 
-0.63 
- 
-0.21 
- 


(VOH • 9.5 Vdcl 
10 
-0.84 
- 
-0.7 
-1.58 
- 
-0.52 
- 


(VOH: 
13.5 Vdc) 
15 
-2.52 
- 
-2.1 
-6.12 
- 
-1.57 
- 


(VOH : 2.5 Vdc) 
NOR- 
5.0 
-2.88 
- 
-2.4 
-5.1 
- 
-1.8 
- 
mAde 
(VOH = 4.6 Vdc) 
5.0 
-0.58 
- 
-0.48 
-1.08 
- 
-0.36 
- 


(VOH : 9.5 Vdc) 
Inverter 
10 
-1.44 
- 
-1.2 
-2.7 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-4.32 
- 
-3.6 
-10.5 
- 
-2.7 
- 


(VOL: 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL: 
0.5 Vdc) 
NAND 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


(VOL = 0.4 Vdc) 
NOR 
5.0 
0.79 
- 
0.66 
1.32 
- 
0.54 
- 
mAde 
(VOL· 
0.5 Vdc) 
10 
1.98 
- 
1.65 
3.37 
- 
1.36 
- 


(VOL: 
1.5 Vdc) 
15 
5.4 
- 
4.5 
13.2 
- 
3.57 
- 


(VOL = 0.4 Vdc) 
NOR- 
5.0 
1.32 
- 
1.1 
2.2 
- 
0.90 
- 
mAde 


(VOL = 0.5 Vdc) I 
Inverter 
10 
3.3 
- 
2.75 
5.63 
- 
2.27 
- 


(VOL: 
1.5 Vdc) 
15 
9.0 
- 
7.5 
22.0 
- 
5.95 
- 


Tlow. 
25°C 
Thigh- 
VOO 
Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Input Current (Al 
Device) 
lin 
15 
- 
±0.1 
- 
±0.00001 
±0.1 
- 
±1.0 
/lAdc 


Input Current (CLlCP Device) 
lin 
15 
- 
±0.3 
- 
±0.00001 
±0.3 
- 
±1.0 
/lAde 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IVin = 01 


Quiescent Current (AL Device) 
100 
5.0 
- 
0.05 
- 
0.0005 
0.05 
- 
1.5 
/lAde 


(Per Package) 
10 
- 
0.10 
- 
0.0010 
0.10 
- 
3.0 
15 
- 
0.20 
- 
0.0015 
0.20 
- 
6.0 


Quiescent Current (CLlCP Device) 
'DO 
5.0 
- 
0.5 
- 
0.0005 
0.5 
- 
3.8 
/lAde 


(Per Package) 
10 
- 
1.0 
- 
0.0010 
1.0 
- 
7.5 
15 
- 
2.0 
- 
0.0015 
2.0 
- 
15 


Total Supply Current"'t 
IT 
5.0 
IT = 11.2 /lA/kHzl 
f + 100 
IolAdc 
(Dynamic plus Quiescent, 
10 
IT = 12.4/lA/kHz) 
f + 'DO 
Per Package) 
15 
IT = 13.6/lA/kHzl 
f + 'DO 
(CL '" SOpF on all outputs, alt 
buffers switching) 


*Tlow 
= -SSoC for AL Device, -40°C 
for CLlCP Device. 
Thigh'" 
+12SoC for AL Device, +8SoC for CLlCP Device. 


#Noise immunity 
specified for worst-case input combination. 
tTo calculate total supply current at loads other than SOpF: 


ITICL) 
= IT(50 pF) + 4 x 10-3 
ICL -50) 
VOOf 
where: IT is in IJA (per package), CL in pF, VDD in Vdc,and 
f in kHz is input frequency. 


* *The formulas given are for the typical characteristics only at 25°C. 


Characteristic: 
Figure 
Symbol 
VOO 
Typ 
Max 
Unit 
All Types 


Output 
Rise Time 
NANO,NOR 
2.3 
lTLH 
ns 


lTLH 
= 13.0 ns/pF) CL + 30 ns 
5.0 
180 
360 
lTLH 
= 11.5 ns/pF) CL + 15 ns 
10 
90 
180 
lTLH 
= 11.1 ns/pF) CL + 10 ns 
15 
65 
130 


Output Fall Time 
NAND, NOR 
2,3 
lTHL 
ns 
lTHL 
= 11.5 ns/pFI CL + 25 ns 
5,0 
100 
200 
lTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
50 
100 
lTHL 
= 10.55 ns/pF) CL + 9.5 ns 
15 
40 
80 


Output Rise Time 
NOR·lnverter 
3 
lTLH 
ns 
lTLH 
= 11.35 ns/pFI CL + 32.5 ns 
5.0 
100 
200 
lTLH 
= 10.60 ns/pFI CL + 20 ns 
10 
50 
100 
lTLH 
= 10.40 ns/pFI CL + 17 ns 
15 
40 
80 


Output Fall Time 
NOR·lnverter 
3 
lTHL 
ns 
lTHL 
= (0.67 ns/pF) CL + 26.5 ns 
5.0 
60 
120 
lTHL 
= (0.45 ns/pF) CL + 17.5 ns 
10 
40 
80 
lTHL 
= 10.37 ns/pF) CL + 11.5 ns 
15 
30 
60 


Propagation Delay Time 
NAND 
2 
lpLH, 
ns 
lPLH, lPK~ 
= 11.7 ns/pFI CL + 45 ns 
lpHL 
50 
130 
260 
lpLH, 
lPHL = 10.66 ns/pF) CL + 37 ns 
10 
70 
140 
lPLH, lpHL 
~ 10.5 ns/pF) CL + 25 ns 
15 
50 
100 


lpLH, 
lpHL 
= 11.7 ns/pF) CL + 30 ns 
NOR 
3 
lPLH, 
5.0 
115 
230 
ns 
lpLH, 
lPHL = 10.66 ns/pF) CL + 32 ns 
lpHL 
10 
65 
130 
lpLH, 
lPHL = 10.5 ns/pFI CL + 20 ns 
15 
45 
90 


lPLH, lPHL = (1.7 ns/pFI CL + 45 ns 
NOR·lnverter 
3 
lpLH, 
5.0 
130 
260 
ns 
lpLH, 
lpHL 
• (0.66 ns/pF) CL + 37 ns 
lpHL 
10 
70 
140 
lpLH 
lpH L = (0.5 ns/pF) CL + 25 ns 
15 
50 
100 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
ckJe to high 
stalic 
voltages 
or 
electric 
fields; 
hOVlo'E!ver. it 
is 


advised 
that 
normal 
precautions 
be 
taken 


to 
avoid 
application 
of 
any 
voltage 
higher 


than 
maximum 
rated 
voltages 
to 
this 
high 


impedance 
circuit. 
For 
proper 
operation 
it 


is 
recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range 
VSS 
" 
(Vin 
or 


Vout) 
:s; VOO' 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate 
logic 
voltage 
level 
(e.g .. either 


VSS 0' VDDI. 


- 
20 ns 
20 ns 


90% 
90% 
VOO 


Input 
(AI 
- 
50% 
59%_ 


·----"10% 
10%- 
VSS 


Output 
J'PHl-- 
tPLH I 


IB) 
VOH 


90% 


Output 
(8) 
-50% 


10% 
VOL 
f-- 


tTHL 
tTLH 


Vss 


tpLH 


VOH 


@ MOTOROLA 


The 
MC 14502B 
is a strobed 
hex buffer/inverter 
with 
3-state 
out- 


put, 
an inhibit 
control, 
and guaranteed 
TTL 
drive 
over the 
temper- 


ature 
range. 
The 
3-state 
output 
simplifies 
design 
by 
allowing 
a 


common 
bus. 


• 
Quiescent 
Current 
= 2.0 nA/package 
typical 
@ 5 Vdc 


• 
Separate 
Output 
Disable 
Control 


• 
3-State 
Output 


• 
Output 
Impedance 
= 200 
ohms 
@ 
5.0 
V 
Supply 
Guaranteed 
Over Full Temperature 
Range 


• 
Input 
Impedance 
= 1012 ohms 
typical 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc 
to 1B Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, 
One Low-power 


Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper- 
ature 
Range. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 
to +18 
Vdc 


Input Voltage, 
All Inputs 
Vi" 
0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain per Input Pin 
I 
10 
mAde 


DC 
Current 
Drain 
per Output 
Pin 
I 
30 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
·c 


CL/CP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
C 


On 
Inhibit 
Disable 
Qn 
0 
0 
0 
, 
, 
0 
0 
0 


X 
, 
0 
0 


X 
X 
, 
High 


Impedance 


MC14502B 


STROBED 
HEX 
INVERTER/BUFFER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


.O"""11SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
PIMtic 
Package 


A 
Extended 
Operating 
Temperature 
Range 
e 
Limited 
Operating 


Temperatur. 
Range 


Voo 
Tlow . 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
r-VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
- VOnorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=QorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage#: 
"0" Level 
VIL 
Vdc 


(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 
or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"," 
Level 
VIH 


(VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1. 7 
- 
-0.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH = 13.5 Vdc) 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdc) 
Sink 
tOL 
5.0 
3.5 
- 
2.8 
6.6 
- 
2.0 
- 
mAde 


(VOL' 
0.5 Vdc) 
10 
7.8 
- 
6.3 
17 
- 
4.4 
- 


(VOL 
= 1.5 Vdcl 
15 
29 
- 
24 
66 
- 
16 
- 


Output 
Drive 
Current 
(CUe? 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.<\. 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH • 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
2.3 
- 
1.9 
6.6 
- 
1.6 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
5.0 
- 
4.2 
17 
- 
3.4 
- 


(VOL 
= 1.5 Vdcl 
15 
19 
- 
16 
66 
- 
13 
- 


Input 
Current 
IAL 
Device) 
lin 
15 
- 
± 0.1 
- 
to.OOOOl 
±O.l 
- 
± 1.0 
,uAdc 


Input 
Current 
(CUe? 
Device) 
'in 
15 
- 
t 0.3 
- 
to.OOOOl 
±0.3 
- 
± 1.0 
,l.tAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V in = 01 


Quiescent 
Current 
(AL 
Devicel 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
,uAdc 


(F\er Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 


15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent Current (CUe? 
DeVIce) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
j.iAdc 
(Per Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 


15 
- 
16 
- 
0.006 
16 
- 
120 


Total Supply Current·" 
t 
IT 
5.0 
IT = 
(2.7 
~A/kHl) 
f + 100 
JJAdc 


(Dvnamic plus Quiescent, 
10 
IT = 
(5.3 
~A/kHll 
f + 100 
Per Package) 
15 
IT = 
(8.0 
~A/kHl) 
f + 100 


ICL = 50 pF on all outputs, all 
buffers switching) 


Three-State Leakage Current 
ITL 
15 
- 
t 0.1 
- 
'0.00001 
± 0.1 
- 
±3.0 
IJAdc 
(AL Oevice) 


Three-State Leakage Current 
ITL 
15 
- 
±1.0 
- 
'0.00001 
± 1.0 
- 
±J.5 
IJAdc 


ICLlCP 
Oevicel 


-Tlow'" 
-55°C 
for AL Device, -400C for CLlCP Device. 


Thigh'" 
+1250C for AL Device, +8SoC for CLlCP Oevice. 
p:Noise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" 
and "0" 
level'" 
1.0 Vdc min@ VOO 
'" 5.0 Vdc 
2.0 Vdc min @ VOO 
'" 10 Vdc 


2.5 Vdc min@ 
Voo 
= 15 Vdc 


tTo calculate total suoolv current at loads other than 50 pF: 


'T(CL) 
- 'T(50 
pF) + 6 x 10-3 
(CL -50) 
Vool 
where: IT is in IJA (per package). CL in pF, VOO in Vdc. and f in kHz is input frequency. 


--The 
formulas given are for the typical characteristics only at 2SoC. 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; however, it is ad- 


vised that normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended that Vin and Vout 
be constrained 
to the range VSS ,..; (Vin or Voutl 
",Voo· 
Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either VSS or VoOL 


Characteristic 
SVmbol 
VOO 
All TVpes 
Unit 


Min 
TVp 
Mox 


Output 
Rise Time 
tTLH 
ns 


tTLH = 13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 
tTLH = 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 
tTLH 
'11.1 
ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL: 
10.6 ns/pF) CL + 10 ns 
5.0 
- 
40 
80 
tTHL: 
10.3 ns/pFI CL + 5.0 ns 
10 
- 
20 
40 
tTHL 
= 10.27 ns/pF) CL + 1.5 ns 
15 
- 
15 
30 


Propagation Delay Time Data to Q 
tPHL 
5.0 
- 
135 
270 
ns 


10 
- 
55 
110 
15 
- 
40 
80 


Propagation Delay Time. 
Inhibit to Q 
tPHL 
5.0 
- 
335 
670 
ns 


10 
- 
145 
290 
15 
- 
95 
190 


Propagation Delay Time Data to Q. Inhibit to Q 
tPLH 
5.0 
- 
295 
590 
ns 
10 
- 
130 
260 
15 
- 
95 
190 


3-State 
Propagation Delay. Output 
"," 
to High Impedance 
tPHZ 
5.0 
- 
65 
130 
ns 


10 
- 
30 
60 
15 
- 
25 
50 


3-State 
Propagation Delay. High Impedance to "'" 
Level 
tPZH 
5.0 
- 
260 
520 
ns 
10 
- 
105 
210 
15 
- 
80 
160 


3-State 
Propagation Delay. Output 
"0" to High Impedance 
tpLZ 
5.0 
- 
150 
300 
ns 
10 
- 
70 
140 
15 
- 
55 
110 


3-State 
Propagation Delay. High Impedance to "0" 
Level 
tpZL 
5.0 
- 
160 
320 
ns 


10 
- 
65 
130 
15 
- 
50 
100 


VGS::2 -Voo 


Vos:a 
VOH-VOO 


~ 


on. 
20". 


V- 
90% 
VOO 
In 
50% 


10% 
VSS 


50% 
Duty 
Cycle 


1000 


3: 
900 
.s 
z 
800 
0 
>= 
700 
~ 


, 


PLASTIC 
OR CERAMIC 
" 


P 
CKAGE 


i'.. 


"'" "" 
"'" 
!'. 


'" 


~! 
600 


~~ 
500 


~~ 
400 
"'i 
300 


x•• 
200 


" 
~ 
100 


o 
25 


TE5T 
51 
52 
S3 
S4 


tpHZ 
Open 
Closed 
Closed 
Open 


tpLZ 
Closed 
Open 
Open 
Closed 


tpZL 
Closed 
Open 
Open 
Closed 


tPZH 
Open 
Closed 
Closed 
Open 


:ll;l 0.5 V@VOO:: 
5 V, 


10V.end15V 


lCP 


ZH 


{ 


:ll;l 
2 V <D>VOO 
'"' 
6 V 


l'Ill 
6 V 
@ VOO 
= 10 V 


~10V~VDD=15V 


10"_ 
VOL 


® MOTOROLA 


The MC14503B is a hex non·inverting buffer with 3-state outputs, 
and a high current source and sink capability. The 3·state outputs 
make it useful in common bussing applications. Two disable controls 
are provided. A high level on the Disable A input causesthe outputs 
of buffers 1 through 4 to go into a high impedance state and a high 
level on the Disable B input causesthe outputs of buffers 5 and 6 
to go into a high impedance state. 


• 
3·State Outputs 


• 
TTL Compatible - Will Drive One TTL Load Over Full Tempera· 
ture Range 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Symmetrical Turn·On and,Turn-off Delays 


• 
Symmetrical Output Rise and Fall Times 


• 
Two Disable Controls for Added Versatility 


• 
Pin for Pin Replacement for MM80C97 and 340097 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 
to +18 
Vdc 


Input Voltage, 
All Inputs 
Vin 
-0.5 
to VDD + 0.5 
Vdc 


DC Current 
Drain per Input. Pin 
I 
10 
mAde 


DC Current 
Drain per Output 
Pin 
I 
25 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
'c 


CL/CP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
C 


One of two/four 
buffers 
1-------, 
'I~: 
;r: 


n 
r 
tn 


'Disable 
II 
9 : 
Input 
I 
I 
I 


+ 
I 
' 
VSS 
To 
Other 
Buffers 
I 
I 
L 
J 


·Oiode 
protection 
on all inputs 
(not 
shown) 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to 
high 


static voltage. or electric fields; however. 
it 
is advised 
that 
normal 
precautions 
be 


taken 
to 
avoid 
application 
of any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For 
proper 


operation 
It II recommended 
that 
Vln 
and 
Vout 
be constrained 
to 
the 
range Vss 
<: 
(Vin 
or Vout) 
<: VDD· 


Unused 
inputs 
must 
alwaYI 
be tied 
on an 
appropriate 
logic voltage 
level 
le.g., 
either 
VSS or VDD).. 


MC14503B 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
648 


Ceramic 
Package 


Plastic Package 
Extended 
Operating 


Temperature 
Range 


Limited 
Operating 


Temperature 
Range 


Appropriate 


DiSllble 
Inn 
Input 
Out" 


0 
0 
0 


1 
0 
1 


X 
1 
High 


Impedance 


X - 
Don't 
Care 


LOGIC 
DIAGRAM 


Disable 
B 


In 5 
Out 
5 


In 6 
Out6 


In 1 
Out 
1 


In 2 


In 3 
Out3 


In 4 
Out4 


Disable 
A 


VOO 
- 
Pin 16 


VSS - Pin 8 


Voo 
Tlow . 
25uC 
Thigh· 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Mi" 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
0.05 
0 
0.05 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin::;QorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Noise lmmunitv# 
"0" Level 
VIL 
Vdc 


(Va = 3.6 or 1.4 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va = 7.2 or 2.8 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
= 11.5 or 3.5 Vdc) 
15 
- 
3.75 
- 
6.75 
3.75 
- 
3.75 


"'" 
Level 
(Va = 1.4 or 3.6 Vdc) 
VIH 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(Va 
= 2.8 or 7.2 Vdc) 
10 
7.0 
- 
7.0 
5.5 
- 
7.0 
- 


(VO = 3.5 or 11.5 Vdcl 
15 
11.25 
- 
11.25 
8.25 
- 
11.25 
- 


Output 
Drive Current 
(Al 
Device'-·· 
IOH 
mAde 


(VOH = 2.5 Vdc) 
Source 
4.5 
-4.3 
- 
-3.6 
-5.0 
- 
-2.5 
- 


(VOH = 2.5 Vdcl 
5.0 
-5.8 
- 
-4.80 
-6.1 
- 
-3.0 
- 


(VOH = 4.6 Vdcl 
5.0 
-1.2 
- 
-1.02 
-1.4 
- 
-0.7 
- 


(VOH = 9.5 Vdcl 
10 
-3.1 
- 
-2.60 
-3.7 
- 
-1.8 
- 


(VOH = 13.5 Vdcl 
15 
-8.2 
- 
-6.80 
·-14.1 
- 
-4.8 
- 


Sink 
IOL 
mAde 


(VOL 
= 0.4 Vdc) 
4.5 
2.2 
- 
1.8 
2.1 
- 
1.2 
- 


(VOL 
= 0.4 Vdc) 
5.0 
2.6 
- 
2.1 
2.3 
1.3 
- 


(VOL = 0.5 Vdcl 
10 
6.5 
- 
5.5 
6.2 
- 
3.8 
- 


(VOL = 1.5 Vdcl 
15 
19.2 
- 
16.10 
25.00 
- 
11.2 
- 


Output 
Drive Current 
(CLlCP Device'-·· 
IOH 
- 
mAde 


(VOH = 2.5 Vdc) 
Source 
4.75 
-4.0 
- 
-3.60 
-5.5 
- 
-2.4 
- . 
(VOH = 2.5 Vdc) 
5.0 
-4.6 
.- 
-4.20 
-6.1 
- 
-3.0 
- 


(VOH = 4.6 Vdcl 
5.0 
-1.0 
- 
-0.88 
-1.4 
- 
-0.7 
- 


(VOH = 9.5 Vdcl 
10 
-2.4 
- 
-2.20 
-3.7 
_. 
-1.8 
- 


(VOH = 13.5 Vdcl 
15 
-6.6 
- 
-6.00 
-14.1 
- 
-4.8 
- 


Sink 
IOL 
mAde 


(VOL = 0.4 Vdc) 
4.75 
2.1 
- 
1.95 
2.2 
- 
1.25 
- 


(VOL = 0.4 Vdc) 
5.0 
2.3 
- 
2.10 
2.3 
- 
1.3 
- 


(VOL = 0.5 Vdcl 
10 
6.0 
- 
5.45 
6.2 
- 
3.8 
- 


(Val 
= 1.5 Vdcl 
15 
15.2 
- 
13.80 
25.00 
- 
11.2 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
± 0.1 
- 
.0.00001 
.0.1 
- 
:!:. 1.0 
IJAdc 


Input Current 
(Cl/CP 
Device) 
'in 
15 
- 
± 0.3 
- 
.0.00001 
.3.0 
- 
tl.0 
IJAdc 


Input Capacitance (Vi" - 01 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Quiescent Current 
(AL Device) 
10 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
/JAde 


(Per 
Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 


15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent Current 
(CL/CP 
Device) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
IJAdc 


(Per 
Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 
Total Supply Current··t 
100 
5.0 
liT = 2.5 "A/kHz) 
f+ 
100 
}.lAde 


(Dynamic 
plus Quiescent, Per Package) 
10 
liT 
= 6.0 "A/kHzl 
f+IOO 
(C L '" 50 pF on all outputs) 
15 
liT 
= 10 "A/kHz) 
f+10O 


(All outputs switching, 50% Duty Cycle) 


3·State 
Output 
Leakage 
Current 
ITL 
15 
- 
.0.1 
- 
.0.0001 
±O.l 
- 
.3.0 
/olAdc 


tAL Device) 
- 
- 
- 


3·State 
Output 
Leakage 
Current 
ITl 
15 
- 
.1.0 
- 
±O.OOOl 
'1.0 
- 
±7.5 
/JAde 
(CLlCP Oev;ce) 
- 
- 
- 


*Tlow;;: -5SoC 
for AL Device, _40°C for CLlCP Device. 
Thigh::E +12SoC for AL Device, +8SoC for CLlCP 
Device. 
#Noise immunity 
specified for worst-case input combination. 


tTo 
calculate 
total 
supply 
current 
at 
loads 
other 
than 
50 
pF; 


'T(Cl) 
= IT (SOpF) + 6 X 10-3 
tCL - SOl Voo 
f 
IT is in IJA (per 
package) CL in pF. VOQ 
in Vdc, and f in kHz is input frequency . 
• *The formulas given are for the typical characteristics only at 25 
C 
·"Care 
must be taken 
not to exceed 
maximum 
current 
ratings 
(see maximum 
ratings table and Figure 
11. 


VDD 
All Typos 


Characteristic 
Symbol 
VCC 
Typ 
Max 
Unit 


Output 
Rise Time 
'TLH 
. 
ns 


'TLH 
- 10.5·ns/pFI CL + 20 ns 
5.0 
45 
90 


'TLH 
; 10.3 ns/pFI CL + 8.0 ns 
10 
23 
45 


'TLH 
-.(0.2 
ns/pFI CL + 8.0 ns 
15 
18 
35 


Output 
Fall Time 
'THL 
ns 


'THL; 
10.5 ns/pF) CL + 20 ns 
5.0 
45 
90 


lTHL; 
10.3 ns/pFI CL +8.0 
ns 
10 
23 
45 


'TH L ; 10.2 ns/pF) CL + 8.0 ns 
15 
18 
35 


Turn-Off 
Delav Time, 
all Outputs 
'PLH 
ns 


'PLH 
; 10.3 ns/pFI CL + 60 ns 
5.0 
75 
150 


'pLH 
= 10.15 ns/pFI CL + 27 ns 
10 
35 
70 


'pLH 
= (0.1 ns/pFI CL + 20 ns 
15 
25 
50 


Turn-On 
Delay Time, 
all Outputs 
'pHL 
ns 


'pHL 
= 10.3 ns/pFI CL + 60 ns 
5.0 
75 
150 


'pHL 
= 10.15 ns/pFI CL + 27 ns 
10 
35 
70 


'PHL 
= (0.1 ns/pFI CL + 20 ns 
15 
25 
50 


3·State Propagation Delay Time 
'PHZ 
5.0 
75 
150 
ns 


Output 
"'" 
to High Impedance 
10 
40 
80 
15 
35 
70 


Output 
"0" to High Impedance 
'pLZ 
5.0 
80 
160 
ns 


10 
40 
80 
15 
35 
70 


High Impedance to "'" 
Level 
'PZH 
5.0 
65 
130 
ns 
.' 
10 
25. 
50 
15 
20 
40 


High Impedance to "0" 
Level 
'PZL 
5.0 
100 
200 
ns 


10 
35 
70 
15 
25 
50 


FIGURE 
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HEX LEVEL 
SHIFTER 
FOR 
TTL to CMOS or CMOS to CMOS 


The MC14504B is a hex non-inverting level shifter using CMOS 
technology. The level shifter will shift a TTL signal to CMOS logic 
levels for any CMOS supply voltage between 5 and 15 volts. A con- 
trol input also allows interface from CMOS to CMOS at one logic 
level to another logic level,. Either up or down level translating is 
accomplished by selection of power supply levels VDD and VCC. 
The VCC level sets the input signal levels while VDD selects the 
output voltage levels. 
Supply current is typically 
1 nA @ VDD = 10 V for CMOS to 
CMOS operation. 
When translating 
from 
TTL 
to CMOS supply 
current is typically 2.5 mA taken from VCC. 


• 
UP Translates from a Low to a High Voltage or 
DOWN Translates from a High to a Low Voltage 


• 
Input Threshold Can Be Shifted for TTL Compatibility 


• 
No Sequencing Required on Power Supplies or Inputs for 
Power Up or Power Down 


• 
3 to 18 Vdc Operation for VDD and VCC 


• 
Diode Protected Inputs to VSS 


• 
Capable of Driving Two Low Power TTL Loads, 
One Low Power Schottky TTL Load or 
Two HTL Loads over the Rated Temperature Range 


MC145048 


TTL or CMOS to CMOS 
HEX LEVEL 
SHIFTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB 
~SUffiX 
Denotes 


~ 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VCC 
-0.5 
to + 18 
Vdc 


DC Supply Voltage 
VOO 
-0.5to+18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 
to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature Range - 
AL Device 
TA 
-55 
to +125 
°c 
CLlCP Device 
-40 
to +85 


Storage Temperature Range 
Tstg 
-65 
to + 150 
°c 


This device contains circuitry to protect the 
inputs against damagedue to high static voltages 
or 
electric fields; however, 
it is advised that 


normal precautions be taken to avoid applica· 
tion of any voltage higher than maximum rated 
voltages to 
this high impedance circuit. 
For 


p.roper operation 
it is recommended that Vin 


and Vout 
be constrained to the range VSS < 


Vin 
or;;;; VCC and VSS';;;;;Vout <; VOD· 
Unused inputs must always be tied to an 


appropriate 
logic 
level 
(e.g., 
either 
VSS 
or 
VCCI. 


VCC 
VOO 
Tlow. 
25°C 
Thigh· 


Characteristic 
Symbol 
Vdc 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" Level 
VOL 
- 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin::: 0 V 
- 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
- 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


Vin::: VCC 
"1" Level 
VOH 
- 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


- 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" Level 
VIL 
Vdc 


(VOL - 1.0 Vdcl TTL-CMOS 
5 
10 
- 
0.8 
- 
1.3 
0.8 
- 
0.8 
(VOL - 1.5 Vdc) TTL-CMOS 
5 
15 
- 
0.8 
- 
1.3 
0.8 
- 
0.8 
(VOL: 
1.0 Vdc) CMOS-CMOS 
5 
10 
- 
1.5 
- 
2.25 
1.5 
- 
1.4 
(VOL: 
1.5 Vdcl CMOS-CMOS 
5 
15 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VOL - 1.5 Vdc) CMOS-CMOS 
10 
15 
- 
3.0 
- 
4.5 
3.0 
- 
2.9 


Input Voltage 
"1" Level 
VIH 
Vdc 
(VOH : 9.0 Vdc) TTL-CMOS 
5 
10 
2.0 
- 
2.0 
1.5 
- 
2.0 
- 


(VOH: 
13.5 Vdc) TTL-CMOS 
5 
15 
2.0 
- 
2.0 
1.5 
- 
2.0 
- 


(VOH • 9.0 Vdcl CMOS-CMOS 
5 
10 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 


(VOH: 
13.5 Vdc) CMOS-CMOS 
5 
15 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 


(VOH: 
13.5 Vdc) CMOS-CMOS 
10 
15 
7.1 
- 
7.0 
5.5 
- 
7.0 
- 


Output Orive Current (AL Device) 
IOH 
mAdc 


(VOH' 
2.5 Vdcl 
Source 
- 
5.0 
-3.0 
- 
-24 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdc) 
- 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH - 9.5 Vdc) 
- 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH: 
13.5 Vdc) 
- 
15 
-4.2 
- 
3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
- 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAdc 
(VOL' 
0.5 Vdc) 
- 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
- 
15 
4.2 
- 
3.4 
8E 
- 
2.4 
- 


Output Drive Current (CL/CP Device) 
IOH 
mAdc 
(VOH : 2.5 Vdc) 
Source 
- 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdc) 
- 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH : 9.5 Vdc) 
- 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH • 13.5 Vdc) 
- 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL: 
0.4 Vdc) 
Sink 
IOL 
- 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 
(VOL' 
0.5 Vdc) 
- 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
- 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (All 
lin 
- 
15 
- 
±0.1 
- 
±O.OOOOI 
±0.1 
- 
± 1.0 
J.lAdc 


Input Current 
(CLlCPI 
lin 
- 
15 
- 
±0.3 
- 
±O.OOOOI 
±0.3 
- 
± 1.0 
J.lAdc 


Input Capacitance (Vin :::0) 
Gin 
- 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Quiescent Current (AL Device) 
IDDor 
- 
5.0 
- 
0.05 
- 
0.0005 
0.05 
- 
1.5 
J.lAdc 
(Per Package) 
ICC 
- 
10 
- 
0.10 
- 
0.0010 
0.10 
- 
3.0 


CMOS-CMOS 
Mode 
- 
15 
- 
0.20 
- 
0.0015 
0.20 
- 
6.0 


Quiescent Current (CL/CP Device) 
IODor 
- 
5.0 
- 
0.5 
- 
0.0005 
0.5 
- 
3.8 
J.lAdc 


(Per Package) 
ICC 
- 
10 
- 
1.0 
- 
0.0010 
1.0 
- 
7.5 


CMOS-CMOS 
Mode 
- 
15 
- 
2.0 
- 
0.0015 
2.0 
- 
15.0 


Ouiescent Current (ALfCLfCP 
Device) 
100 
5.0 
5.0 
- 
0.5 
- 
0.0005 
0.5 
- 
3.8 
J.lAdc 
(Per Package) 
5.0 
10 
- 
1.0 
- 
0.0010 
1.0 
- 
7.5 


TTL-CMOS 
Mode 
5.0 
15 
- 
2.0 
- 
0.0015 
2.0 
- 
15.0 


Quiescent Current (ALICL/CP 
Device) 
ICC 
5.0 
5.0 
- 
5.0 
- 
2.5 
5.0 
- 
6.0 
mAdc 


(Per Package) 
5.0 
10 
- . 
5.0 
- 
2.5 
5.0 
- 
6.0 


TTL-CMOS 
Mode 
5.0 
15 
- 
5.0 
- 
2.5 
5.0 
- 
6.0 


VCC 
VOO 
Limits 


Characteristic 
Symbol 
Shifting Mode 
Vdc 
Vdc 
Min 
Typ 
Max 
Units 


Propagation Delay. High to Low 
tPHL 
TTL-CMOS 
5.0 
10 
- 
120 
- 
ns 


VOO> 
Vr.C 
5.0 
15 
- 
120 
-- 
CMOS-CMOS 
5.0 
10 
- 
100 
- 


VOO> 
VCC 
5.0 
15 
- 
120 
- 


10 
15 
- 
50 
- 


CMOS-CMOS 
10 
5.0 
- 
160 
- 


VCC > VOO 
15 
5.0 
- 
160 
- 


15 
10 
- 
160 
- 


Propagation Delay. Low to High 
tpHL 
TTL-CMOS 
5.0 
10 
- 
200 
- 
ns 


VOO> 
VCC 
5.0 
15 
- 
160 
- 


CMOS-CMOS 
5.0 
10 
100 


VOO> 
VCC 
5.0 
15 
- 
120 
- 


10 
15 
- 
50 
- 


CMOS-CMOS 
10 
5.0 
- 
160 
- 


VCC> 
VOO 
15 
5.0 
- 
160 
- 
15 
10 
- 
65 
- 


Output Rise and Fall Time 
tTLH.'THL 
ALL 
- 
5.0 
- 
100 
- 
ns 


- 
10 
- 
50 
- 
- 
15 
- 
40 
- 
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@ MOTOROLA 


The MCM14505 64-bit random accessmemory is fully decoded 
on the chip and organized as 64 one-bit words (64 Xl). 
Medium 
speed operation 
and micropower 
supply requirements 
make this 
device useful for scratch pad or buffer memory applications where 
power must be conserved or where battery operation is required. 


When used with a battery backup, the MCM14505 can be utilized 
as an alterable read-only memory, allowing the battery to retain in- 
formation 
in the memory when the system is powered down, and 
allowing the battery 
to charge whon power is applied. 
The micro- 


power requirements of this memory allow quiescent battery operation 
for great lengths of time without 
significant discharging. 


• 
Quiescent Current = 50 nA/package typical @ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Supply Voltage Range= 3_0Vdc to 18 Vdc 


• 
Single ReadlWrite Control Line 


• 
Wired-OR 
Output 
Capability 
(3-State 
Output) 
for 
Memory 


Expansion 


• 
AccessTime = 180 ns typical at VDD = 10 Vdc 


• 
Write Cycle Time = 275 ns typical at VDD = 10 Vdc 


• 
Fully Buffered Low Capacitance Inputs 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Temper- 
ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All Inputs 
Vin 
-05 
to VDD + 05 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
A L Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
T5t9 
-65 to +150 
°c 


This device 
contains 
circuitry 
to 
protect 
the inputs 
against damage 
due to high 
static 
voltages 
or electric 
fields; however, 
it is advised that 
normal precautions 
be 
taken to avoid application 
of any voltage higher than maximum rated voltages to 
this 
high 
impedance 
circuit. 
For 
prOPer 
operation 
it is recommended 
that 
Vin and 
Vout 
be constrained 
to the 
range 
VSS" 
(Vin or Vout)"';; 
VOO. 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate 
logic 
voltage 
level 
(e.g., 


either 
VSS or VOO). 


MCM14S0S, 


54-BIT 
(64 X 1) STATIC 


RANDOM 
ACCESS MEMORY 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXB ~SU~f;:.=:;:t::Ckag. 


L P 
PlastIc 
Package 


A 
Extended 
OperatIng 


Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


{ 


AO 
1 


Al 
2 


Address 
A2 
3 


Inputs 
A3 
4 


A4 
" 
A512 


Data In 13 


CE 16 


CE28 


R/W 
9 


II 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


Vin 
VOD or 0 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Noise 
Immunity 
# 
VNL 
Vdc 


(',Vout 
~ 0.8 Vdcl 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 


l.':>Vout 
~ 
1.0 
Vdd 
10 
3.0 
- 
3.0 
4.50 
- 
2.9 
- 


UN out 
0;;; 1.5 Vdc) 
15 
4.5 
- 
4.5 
6.75 
- 
4.4 
- 


1·'Vou! <; 0.8 Vdcl 
VNH 
5.0 
1.4 
- 
1.5 
2.25 
- 
1.5 
- 
Vdc 
(,yout 
~ 1.0 Vdcl 
10 
2.9 
- 
3.0 
4.50 
- 
3.0 
- 


(,\Vout 
0;;; 1.5 Vdcl 
15 
4.4 
- 
4.5 
6.75 
- 
4.5 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH = 4.6 Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.3 
- 
0.25 
0.35 
- 
0.18 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
0.9 
- 
0.75 
1.2 
- 
0.50 
- 


(VOL 
= 1.5 Vdcl 
15 
2.2 
- 
1.7 
4.5 
- 
1.2 
- 


Output 
Drive Current (CUep Device) 
IOH 
mAde 


1VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


(VOH 
= 9.5 Vdcl 
10 
-05 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.2 
- 
0.15 
0.35 
- 
0.1 
- 
mAde 
1VOL = 0.5 Vdcl 
10 
0.6 
- 
0.5 
1.2 
- 
0.4 
- 


1VOL = 1.5 Vdcl 
15 
3.9 
- 
0.75 
4.5 
- 
0.6 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
:to.l 
- 
IO.OOOOl 
±O.l 
- 
± 1.0 
j..!Adc 


Input 
Current 
(CUep 
Devicel 
lin 
15 
- 
± 1.0 
- 
±0.00001 
Il.0 
- 
±14 
j.lAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IV in = 01 


Quiescent Current lAL 
Device) 
100 
5.0 
- 
50 
- 
0.050 
5.0 
- 
150 
}JAde 


(Per 
Packagel 
10 
- 
10 
- 
0.100 
10 
- 
300 


15 
- 
20 
- 
0.150 
20 
- 
600 


Quiescent 
Current 
(CUep Devlcel 
100 
50 
- 
50 
- 
0.050 
50 
- 
375 
lJAde 


(Per 
Package) 
10 
- 
100 
- 
0.100 
100 
- 
750 


15 
- 
200 
- 
0.150 
200 
- 
1500 


Total Supply Current·· 
t 
IT 
5.0 
IT =11.28 pA/kHzl 
f + 100 
IJAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT 
= (2.56 pA/kHz) 
f + 100 


Per Package) 
15 
IT =(3.85 
"A/kHzl 
f + 100 


(CL = 50 pF on all outputs, all 
buffers switching) 


Three·State Leakage Current 
ITL 
15 
- 
! 0.1 
- 
-0.00001 
± 0.1 
- 
±3.0 
,uAdc 
(AL Device) 


Three-State Leakage Current 
ITL 
15 
- 
±1.0 
- 
-0.00001 
± 1.0 
- 
! 7.5 
,uAdc 
(CUCP Device) 


4Tlow 
:= -55°C 
for AL Device. -40oC for CUC? 
Device. 


Thigh::; +12SoC for AL Device, +850C for CUCP Device. 
#Noise immunity 
specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 
ITICLI 
= IT,150pFI + 1 x 10-3 ICL -501 VOOf 
where: IT is in uA (per package), CL in pF, VDD in Vdc, and f in kHz is input frequency. 


"The 
formulas given are for the typical characteristics only at 250C. 


Characteristic 
Symbol 
VDD 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 
tTLH: 
12.43 ns/pF) 
CL + 58.5 ns 
5.0 
- 
180 
360 


tTLH 
z 11.08 ns/pFI 
CL + 36 ns 
10 
- 
90 
180 


tTLH 
z 10.72 ns/pF) 
CL + 39 ns 
15 
- 
75 
150 


Output 
Fall Time 
tTHL 
ns 
tTHL 
z 12.16 ns/pF) 
CL + 52 ns 
5.0 
- 
160 
320 


tTH L : 10.96 ns/pF) 
CL + 32 ns 
10 
- 
80 
160 


tTH L Z 10.69 ns/pF) 
CL + 33 ns 
15 
- 
65 
130 


Propagation 
Delay Time 
tacelRI 
ns 
Read Access Time 


tacc(R) 
Z 11.4 ns/pFI 
CL + 385 ns 
5.0 
- 
455 
750 


tace(R) 
Z 110.7 ns/pF) 
CL + 175 ns 
10 
- 
210 
400 


tacelR) 
: 10.5 ns/pF) 
CL + 105 ns 
15 
- 
130 
300 


Strobe Down Time 
tWL 
ns 


5.0 
500 
100 
- 


10 
125 
50 
- 


15 
95 
75 
- 


Address Setup Time 
tsu 
ns 


5.0 
300 
-100 
- 


10 
120 
-40 
- 


15 
90 
-25 
- 


Data Setup Time 
tsulDI 
ns 


5.0 
200 
70 
- 
10 
75 
25 
- 


15 
55 
20 
- 


Read Setup Time 
tsulRI 
ns 


5.0 
270 
90 
- 
10 
60 
20 
- 
15 
45 
15 
- 


Write Setup Time 
tsulW) 
ns 
5.0 
400 
80 
- 
10 
100 
25 
- 


15 
75 
11 
- 


Address Release Time 
trellRI 
ns 


5.0 
75 
15 
- 
10 
25 
10 
- 


15 
20 
5.0 
- 


Data Hold Time 
thlDI 
ns 


5.0 
50 
0 
- 
10 
15 
0 
- 
15 
10 
0 
- 


Read Release Time 
treliRI 
ns 


5.0 
0 
-90 
- 


10 
0 
-25 
- 


15 
0 
-10 
- 


Write Release Time 
trel(W) 
n. 


5.0 
0 
5.0 
- 


10 
0 
10 
- 
15 
0 
30 
- 


Read Cycle Time 
'eyeIR) 
n. 


5.0 
- 
500 
750 
10 
- 
200 
400 
15 
- 
150 
300 


Write Cycle Time 
'eyeIW) 
n. 


5.0 
- 
440 
700 
10 
- 
275 
550 
15 
- 
200 
415 


Output 
Disable Delay 
tetis 
n. 
110% Output 
Change 
into 
1.0 kn 
Load) 
5.0 
- 
200 
600 
10 
- 
80 
200 
15 
60 
150 


The read/write 
input 
can be maintained 
at a logic "0" 


(low voltage) during 
a write 
cycle. 
If the read/write 


input 
is maintained 
at a logic "0" while 
the strobe is 
a logic "''', 
then the output 
data ""';ill be disabled 
(high 
impedance) during 
the write 
cycle. 


TA ""25°C 
-l--- 
- 
I--:-- 
VDD • 5.0 Vdc 


10 Vdc 


15 Vdc 


...~ 
" 
10 
:;~ 
w 
0~ 
i<: 
1.0 
w..~ 
to 
>< 
00( 
0.1 
~ 
%•... 
l'I 


0.01 


-60 
-20 


;{ 


~ 
-2.0 


~ 
i:3 
-4.0 


u~~ 
~ 
-6.0 
10 


~ 
Vdc 


~ 
-8.0 


VOO-lDS 
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Notes 


1. Cvcle 
R/W to ground 
and then to VOO 
prior 
to measurement 
to insure turn- 


on 
of the 
device 
under 
test. 


2. For the P·channel characteristics, 


VOS 
=: 
VOH 
- 
VOD' 
3 
For the N-channel 
characteristics, 
VaS 
is measured 
directly. 
E 


4. For the drain current, 
10 = 100 Amp 


E)(ternal 
Power 


Supply 


laJ TA" 
-55°C 


(b) TA" 
+250C 
Ie) TA '" +I250C 


External 


Power 
Supply 


(a) TA" -55°C 
(b)TA" 
+250C 


(c)TA 
=+1250C 


• 


Data 
In 


. 
A4 
" 
£ 
~ 
. 
" 


AQ 
" 
c 
0 


0 


] 


~ 
0 
At 
~ 


0U 


0 


"' 


a: 


" 


A2 


M 


",- 
A5 
" 
15 


0 


" 


A3 
" 
16 


Strobe 


CE 1 


CE 
2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 
_ 


~ 


~~O.t.out--1~ 
(3-$tate) 


~"" 


In considering the operation of the MCM14505 CMOSmemory. 
refer to the functional 
circuit 
diagram of Figure 7 and timing 
diagrams shown in Figures 1 and 2. The basic memory cell is a 
cross-coupled flip-flop 
consisting of two inverter gates and two 
P-channeldevicesfor read/write oontrol. The push-pull cell provides 
high speedaswell as low power. 


During a read cycle. when the strobe line is high the write 
selection drivers are disabled and the data from the selectedrow is 
available on columns 1b. 2b. 3b, and 4b. The A4 and A5 address 
bits aredecodedto selectoutput data from oneof the four columns. 
The output data is availableon the data output pin only when the 
strobe and read/write lines are high simultaneously and after the 
read accesstime, tacc(A). has occurred (seeFigure 1). 
Note that 
the output isinitially disabledand always goesto the logic "0" state 
(low voltage) before data is valid. 
The output 
is in the high- 
impedance state (disabled) when the strobe line or the AIW line is 
in the low state. The memory is strobed for reading or writing only 
when the strobe. CE1. and CE2 are high simultaneously. The AIW 
line can be a dc voltage during a read or write cycle and neednot 
be pulsed. as shown in the timing diagrams. For this casethe AIW 
line should be a logic "'" 
(high) for reading and a logic "0" 
for 


writing. 
When the strobe line is high. the column read/write inhibit 


gates and the row decoder inhibit gates are disabled, the selected 


row is in the low state, and the unselected 15 rows retain their 
logic "1" leveldue to the row capacitancethat exists when the row 
decoder inhibit gatesare disabled. This capacitive storagemecha- 
nism requires a maximum strobe width (seeFigure 3) equal to the 
junction reversebias AC time constant. Whenthe strobe isreturned 
to a logic "0" 
the rows are forced to VOo by the row decoder 
inhibit 
gates (pullup devices). 
Similarly the oolumn read/write 
inhibit 
gates (pulldown devices) force the column lines to a logic 
"0" state. 


Two column lines are associatedwith each memory cell in order 
to write into the cell. The write selection drivers are enabled when 
the AIW line is a logic "0" and the strobe line is a logic "'''. 
The 
input data is written 
into the column selected by the column 


decoder. For instance, if a ••," is to be written in the memory cell 
associatedwith row' 
and column', 
then row 1 would be enabled 
(logic "0") while column 1b is forced high and column 1a is forced 
low by the write selection drivers. 
If a logic "0" 
is to be written 
into the cell, then column 'a is forced high and 'b is forced low_ 
The data that is retained in the memory cell is the data that was 
present on the data input pin at the moment the strobe goeslow 
when AIW is low. or when R/W goeshigh when the strobe is high. 


Figure 8 showsa 256-VIIOrdby n-bit static RAM memory system 


The outputs of four MCM14505 devices are tied together to form 
256 words by 1 bit. 
Additional bits are attained by paralleling the 
inputs in groups of four. 
Memories of larger words can be attained 


by decoding the most significant bits of the addressand ANDing 
them with the strobe input. 


Fan-in and fan~ut 
of the memory is limited only by speed 
requirements_The extremely low input and output leakagecurrent 
noo nA maximum) keep the output voltage levelsfrom changing 
significantly as more outputs are tied together. 
With the output 


levels independent of fan-out, most of the power supply range is 
available as logic swing, regardlessof the number of units wired 
together. 
As a result. high noise immunity 
is maintained under 
all conditions_ 


Power dissipation is 0.' 
lAWper bit at a 1.0okHz rate for a 
5.0-volt power supply. while the static power dissipation is 2.0 nW 
per bit. 
This low power allows non-volatile information 
storage 
when the memory is powered by a small standby battery. 


Figure 9 shows an optional standby power supply circuit for 


making a CMOS memory "non-volatile". 
When the usual power 
fails. a battery 
is used to sustain operation or maintain stored 
information. 
While normal power supply voltage is present, the 
battery is trickle<harged through a resistor which setsthe charging 
rate. 
VB is the sustaining voltage. and V+ is the ordinary voltage 
from a power supply. 
VOo connects to the power pin on the 


memory. 
Low-leakage diodes are recommended to 
oonserve 
battery 
power. 


The memory 
system shown in Figure 8 can be interfaced 


directly with the other devicesin the MeMOSfamily. 
No external 


components are required. 
At the inputs to the CMOS memory. TTLdevices can interface 
directly 
if an open<ollector 
logic gate such asthe MC7407 is used 
as shown in Figure 10. Driver circuits are not required since the 
input capacitance is low (4.0 to 6.0 pFI. 
The address.data, and 


read/write inputs do not needto be fast sincethey can be changed 
for the duration when the strobe pulse is low, tSTL (seeFigures' 
and 2), For high-speedoperation. a push-pull driver should be used 
if more than five strobe inputs must be driven at one time. 
One 
circuit of the type shown in Figure 10 can be used for every ten 
strobe inputs. 


Figures ". 
, 2, and 13 show methods of 
interfacing 
the 
memory output 
to TTL 
logic at various memory voltages. 
If a 
VoD of 5.0 volts is used for slow·speed.low-power applications, 
one transistor and one resistor must be used (Figure' 
1). The 
MCM'4505AL 
will drive one low-power TTL gatedirectly. 


If a Voo 
of '0 volts is used.the output of the memory device 
can fan out to two low-povver TTL gates (Figure 12a) or to a 
discrete transistor 
(Figure '2bL 
The discrete transistor circuit 
provides higher speed and/or high fan-out. 
A pulldown resistor 
at the baseof the transistor is not neededfor fast turn-off because 
of the push-pull output 
of the memory. 
Turn-on time of the 


transistor is much faster in Figure' 2b since the voltage rise isonly 
0.75 volt. The low output capacitanceof the MCM'4505 
means 
that several outputs can be wire.()Red without 
significantly de- 


grading performance. 
The read accesstime is increased by only 
20 ns typically 
for 
16 outputs 
tied together when Figure '2b 
is used. 


Five low-power TTL 
gates can be driven from the memory 
output 
if a Voo 
of 
15 volts is used (Figure '3a). 
Figure 13b 
shows the interface if a discrete transistor is used. The'.O 
kilohm 


resistor in the baseis required to insure that not more than 10 mA 
flows through the output as listed in the maximum ratings. 
If a 
2.0 kilohm 
collector 
resistor is used (fan-out :: 3). the turn-on 


time of the transistor is only slightly faster than in the circuit 
shown in Figure 12b due to the lower output 
impedance when 


VDO :: , 5 volts. 
The voltage at the memory data output 
hasto 
riseto only 1.3 volts to insuredriving afan-out of three TTLdevices. 


If a 510-ohm collector resistor is used. 20 TTL loads may be 


driven. 
The read accesstime is increasedabout 20 ns when four 


memory outputs are tied together since the output voltage must 
rise to 3.7 volts before the transistor can sink the full IOL for a 
fan-out of 20 TTL devices. 
Almost any NPN transistor with 
a 


minimum 
beta of 
'5 
can be used for the interface shown in 
Figures 11, 12and '3. 
The high source current from the push-pull output stageof the 


MCM'4505 makesfor a simpler interface circuit since alow source 
current memory requires a differential comparator to achievehigh- 
speedoperation. 
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CirCUit diagrams 
utIlizing 
Motorola 
products are included as a means 
of 
,llustratlng 
tvplcal 
semiconductor 
applicatIons 
consequently 
cOMplete 
lnforrr.ation 
SUff,c.lent for 
constructIon 
purposes is not 
necessarily given 
The tnfOrmation 
has been carefully 
checked and 


1$ believed to 
be entirely 
reliable 
However, no responSIbility 
is 
assumed for 
InaccuraCies 
Furthermore. 
such InformatIon 
does not 


Convey to 
the purchaser 
of the semiconductor 
devices described 
any 
license under 
the patent 
rights 
of Motorola 
I nc. or others. 


-=- 
VB 
1- 


Germanium 


Diode 
'" 


@ MOTOROLA 


DUAL 
2·WIDE. 2·INPUT 
EXPANDABLE 
AND·OR·INVERT 
GATE 


The 
MC14506B 
is an expandable 
AND-OR-INVERT 
gate with 
in- 
hibit 
and 
3-state 
output. 
The expand 
option 
allows 
cascading 
with 
any other 
gate, 
which 
may 
be carried 
as far as desired 
as long as the 
propagation 
delay 
added 
with 
each 
gate 
is considered. 
For example, 
the 
second 
AOt 
gate 
in this device 
may 
be used 
to expand 
the first 
gate, 
giving 
an expanded 
4-wide, 
2-input 
AOI 
gate. 
This 
device 
is 
useful 
in data 
control 
and digital 
multiplexing 
applications. 


• 
Quiescent 
Current 
= 2.0 nA/package 
typical 
@ 5 Vdc 


• 
3-State 
Output 


• 
Separate 
Inhibit 
Line 


• 
Diode 
Protection 
on All Inputs 


• 
Supply 
Voltage 
RAnge 
= 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, 
One Low-power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper- 
ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
C L1CP Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
~5 
to +150 
°c 


EB 
13 


DB 
12 


Cs 
11 


BS 
10 


AS 
9 


MC14506B 


DUAL 
EXPANDABLE 
AND-OR-INVERT 
GATE 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Mo,om 11SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
iields; 
however, 
it 
is advised that 
normal precautions be 
taken to avoid application of any voltage 
higher than 
maximum 
rated voltages to 
this 
high impedance circuit. 
For proper 
operation it is recommended that V in and 
Vout be constrained to the range Vss '" 
(Vin or Vou,l" 
VOO' 
Unused inputs must always be tied to an 
appropriate logic volt8ge level (e.g., either 
VSsor 
VDDI. 


A 
B 
C 
D 
E 
INHIBIT 
DlSA8LE 
Z 
a 
a 
a 
a , 
a 
a 
1 
a 
x 
a 
x 
1 
a 
a 
1 
a 
x 
x 
a 
1 
a 
a 
1 
X 
a 
a 
x 
1 
a 
a 
1 
x 
a 
X 
a 
1 
a 
0 
1 
, 
1 
X 
X 
X 
X 
a 
a 
x 
x 
1 
1 
X 
X 
a 
0 
x 
x 
x 
x 
0 
X 
a 
0 
x 
x 
x 
X 
X 
1 
a 
0 
x 
x 
x 
x 
X 
X 
1 
High 
Impedance 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Mi" 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin-=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
o or Vaa 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO 
0 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
= 9.0 
0< 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va 
= 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 


(Va 
= 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(Va 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH 
= 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.0 
-- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
1VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 
(VOH 
= 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
IAL Device) 
lin 
15 
- 
± 0.1 
.- 
±O.OOOOI 
±0.1 
- 
± 1.0 
,uAdc 


Input Current (CLlCP Device) 
lin 
15 
- 
± 0.3 
- 
±O.OOOOI 
± 0,3 
- 
± 1.0 
IJAdc 


Input 
Capacitance 
Cin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


1Vin = 01 


Quiescent Current 
(AL Device) 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
/JAde 


(Per 
Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
_. 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent Current (CLlCP Devicel 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
,uAde 


(Per 
Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total Supply Current··"t 
IT 
5.0 
IT = 1O.6!,A/kHzl 
1+ 100 
/-lAde 


(Dynamic 
plus 
Quiescent, 
10 
IT = (1.1 !,A/kHzl 
I + 100 


Per 
Package) 
15 
IT = ( 1.7 !,A/kHzl 
I + 100 


(CL 
= 50 pF on all outputs, 
all 


buffers switching) 


Three·$tate Leakage Current 
ITL 
15 
- 
± 0.1 
- 
-0.00001 
± 0.1 
- 
± 3.0 
).lAdc 
(AL Device) 


Three-State Leakage Current 
ITL 
15 
- 
± 1.0 
- 
- 000001 
± 1.0 
- 
± 7.5 
).lAdc 
(CLlCP Devicel 


·Tlow'-' 
-55°C 
for AL Device. --40°C for CLlCP Device. 


Thigh'" 
+1250C for AL Device. +8SoC for CLlCP Device. 


..t.:Noiseimmunity 
specified for worst·«ase input combination 


Noise Margin lor both "1" 
and "0" 
level'" 
1.0 Vdc min @ VDD 
'" 5.0 Vdc 


2.0 Vdc min@ VDD 
'" 10 Vdc 
2.5 Vdc min@ VDD 
-" 15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


ITICLI 
= ITI50 pFI + 2 x 10-3 
ICL -501 
Vaal 


where: IT is in).lA (per package). CL in pF, VOD in Vdc. and f in kHz is input frequency . 


• ·The formulas given are for the typical characteristics only at 2SoC. 


Chlr.eteristic 
Symbol 
VOO 
Min 
Typ 
Mol< 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
: (3.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
380 
tTLH = 11.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 


tTLH 
= ILl ns/pFI 
CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL 
- (1.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
- (0.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Data Propagation 
Delay Time 
tPLH 
ns 
tpLH = (1.7 ns/pFI 
CL + 210 ns 
5.0 
- 
295 
580 


tpLH 
- 10.66 ns/pFI 
CL + 77 ns 
10 
- 
110 
225 


tpLH = 10.5 ns/pFI 
CL + 50 ns 
15 
- 
75 
180 


tpHL = 11.7 ns/pFI 
CL + 185 ns 
tPHL 
5.0 
- 
270 
480 
ns 


tpHL = 10.66 ns/pFI 
CL + 62 ns 
10 
- 
95 
175 


tPHL = (0.5 ns/pFI 
CL + 40 ns 
15 
- 
65 
140 


Expand 
Propagation 
Delay Time 
tpLH 
ns 


lpLH = (1.7 ns/pFI 
CL + 95 ns 
5.0 
- 
180 
430 


tpLH = 10.66 ns/pFl 
CL + 42 ns 
10 
- 
75 
180 
tpLH 
• 10.5 ns/pFI 
CL + 25 ns 
15 
- 
50 
125 


tpHL = 11.7 ns/pFI 
CL + 115 ns 
tpHL 
5.0 
- 
200 
330 
ns 


tpHL 
= 10.66 ns/pF) CL + 47 ns 
10 
- 
80 
110 


lPHL 
= 10.5 ns/pFI 
CL + 30 ns 
15 
- 
55 
90 


Inhibit 
Propagation 
Delay Time 
tPLH 
ns 


tpLH 
• 11.7 ns/pFI 
CL + 135 ns 
5.0 
- 
220 
500 


tPLH - 10.66 ns/pFI 
CL + 67 ns 
to 
- 
100 
225 
tPLH = (0.5 ns/pFI 
CL + 40 ns 
15 
- 
65 
160 


tPHL = (1.7 ns/pFI 
CL + 145 ns 
tPHL 
5.0 
- 
230 
400 
ns 


lPHL = (0.66 ns/pF) CL + 62 ns 
10 
- 
95 
175 


tPHL = 10.5 ns/pFI 
CL + 35 ns 
15 
- 
60 
150 


3·8tate 
Propagation 
Delay Time 


"1" 
to High Impedance 
tpHZ 
5.0 
- 
60 
150 
ns 
10 
- 
45 
110 
15 
- 
35 
90 


"0" 
to High Impedance 
tPLZ 
5.0 
- 
90 
225 
ns 
10 
- 
55 
140 
15 
- 
40 
100 


High Impedance 
to "1" 
tPZH 
5.0 
- 
110 
300 
ns 
10 
- 
50 
125 
15 
- 
40 
100 


High Impedance 
to "0" 
lPZL 
5.0 
- 
170 
425 
ns 


10 
- 
70 
175 
15 
- 
50 
125 


16 


14 
~~ 
11 


w 
co 
~ 
10 


0> 
8.0 
0- 
=>~ 
S 
60 
0 
g 
4.0 
> 


1.0 


, 
_VOO· 
15 Vel, - 
b, 


1--, 
10 Vdc 


b_ 
I-- , 


Unused inputs- 


1-1 


connected 
to 


5.0 Vdc 
,SS 
I 
1- 
,~ •... 


b- 


a 
TA = +125uC 
,- 


b 
TA=+250C 
- 


" 
TA .,.550C, 


16 


VOO· 
15 Vd, 
TA=+1250C 


14 
TA = +250C 
TA· 
·550C 


~ 
11 


w 
co 
10 
«~ 
0 
8.0 
> 
0-~ 
60 
A and B connected 
10 Vin 
0-g 
Enlble input connected 
to 


VOO. 
Olher inputs connec· 


4.0 
ted to VSS. 


> 


1.0 


0 


0 
1.0 
4.0 
60 
8.0 
10 
11 
14 
16 
Vin.INPUT 
VOLTAGE (Vd,1 


o o 
~ 
u 
U 
U 
10 
a 
M 
g 
Vin, INPUT VOLTAGE (Vel,) 


VDD 


16 
VDD 


Inh 
ZA 


AA 
BA 


CA 
'TL 


DA 


EA 
AB 
BB 


CB 
DB 
EB 


Ois 
ZB 


500"FI 


VOO 


16 


Inh 
ZA 
20 os 
20 os 
AA 


BA 
VOO 
CA 
90% 
Input 
50% 
°A 
10% 
V55 
EA 
AB 


BB 
VOH 
CB 
Output 
DB 
VOL 


EB 


tTHL 
tTLH 


VOO 
Vout 
VOO 


16 
20 os 


ZA 
Disable 
Input 


"1 


1 k 


tPLZ 


52 
A 


J,B 
Output 


== 2.5 V @Von 
'" 5 V. 


10V,8nd15V 


{ 


~ 
2 V @Von 
z: 
5 V 


;II:: 
6 V @ Von 
'" 10 V 


10% 
==10V@lVOO=15V 


---VOL 


TEST 
51 
52 


tPLZ 
A 
A 


tPHZ 
B 
B 


tPZL 
A 
A 


tpZH 
B 
B 
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DUAL 4-BIT LATCH 


The 
MC14508B 
dual 
4-bit 
latch 
is constructed 
with 
MOS P-chan- 


net 
and 
N·channel 
enhancement 
mode 
devices 
in a single 
mono- 
lithic 
structure. 
The part consists 
of two 
identical, 
independent 
4-bit 
latches 
with 
separate 
Strobe 
(ST) and Master 
Reset 
(M R) controls. 


Separate 
Disable 
inputs 
force 
the 
outputs 
to a high impedance 
state 
and allow the devices 
to be used 
in time sharing 
bus line applications. 


These 
complementary 
MOS 
latches 
find 
primary 
use 
in buffer 
storage, 
holding 
register, 
or general 
digital 
logic functions 
where 
low 
power 
dissipation 
and/or 
high noise 
immunity 
is desired. 
Additional 
characteristics 
can be found 
on the Family 
Data Sheet. 


• 
Quiescent 
Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 


• 
High Fanout> 
50 
• 
Input 
Impedance 
= 1012 ohms 
typical 


•. 
3-State 
Output 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, 
One Low-power 
Schottky 
TTL 
Load 
to Two 
HTL Loads Over the Rated 
Temper- 
ature 
Range. 


MAXIMUM 
RATINGS 
(Voltages referenced to Vss) 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
Voo 
-0.5to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 


CL/CP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-6510+150 
°c 


MR 
ST 
Disable 
03 
02 
01 
00 
03 
02 
01 
00 


0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 


0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 


0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 


0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
X 
X 
X 
X 
Latched 
1 
X 
0 
X 
X 
X 
X 
0 
0 
0 
0 


X 
X 
1 
X 
X 
X 
X 
High Impedance 


I 
I 


I 
I 


(To other 
three latches) 


'MC14508B 


~,w"" 
~ 
~~ ::~AMIC 
PACKAGE 


CASE 
623 


24~ 
PSUFFIX 
PLASTIC 
PACKAGE 


. 
1 
CASE 
709 


."""'115U"" 
Denote. 
L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperatur. 
Range 
C 
Limited 
Operating 


Temperature 
Range 


BLOCK 
DIAGRAM 


1 
MA 
00 
2 
5T 


3 
Ois 
01 


4 
DO 


6 
b1 
Q2 
9 


8 
02 


10 
03 
Q3 
11 


13 
MA 
17 
00 
14 
5T 


15 
Ois 
Q1 
19 


16 
DO 


18 
01 
Q2 
21 


20 
02 


22 
03 
Q3 
23 


VOO 
- 
Pin 24 


VSS 
- 
Pin 
12 


Voo 
Tlow . 
250C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma' 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO 
or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
-. 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO " 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO "9.0 
or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 


(VO " 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO" 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
1VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = OA Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3A 
8.8 
- 
2A 
- 


Output 
Drive Current (CUep Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
50 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


(VOH • 9.5 Vdcl 
10 
-0.5 
- 
-OA 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-lA 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = OA Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
OA4 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2A 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
± 0.1 
- 
±0.00001 
±O.l 
- 
± 1.0 
/.JAde 


Input 
Current 
(CUep 
Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
±:O.3 
- 
11.0 
/-lAde 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 01 


Quiescent 
Current 
tAL 
Device) 
100 
5.0 
5.0 
0.005 
5.0 
150 
,u.Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CUep 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
pAde 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current-·t 
IT 
5.0 
IT" 
(lA6 
"A/kHz) 
I + 100 
IJAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = (2.91 "A/kHzl 
f + 100 


Per Package) 
15 
IT = (4.37 "A/kHz) 
I + 100 


(CL -: 50 pF on all outputs, all 


buffers 
swirchingl 


Three-State 
Leakage Current 
ITL 
15 
- 
± 0.1 
- 
'0.00001 
± 0.1 
- 
±3.0 
,uAdc 
(AL Device) 


Three-State 
Leakage Current 
ITL 
15 
- 
±1.0 
- 
,0.00001 
:t: '.0 
- 
± 7.5 
,uAdc 
(CLlCP 
Device) 


·T,ow 
= -55°C 
for AL Device, -40oC 
for CLlCP 
Device. 


Thigh 
= +1250C 
for AL Device, +850C 
for CLlCP 
Device . 


.r::Noiseimmunity 
specified for worst-case input combination. 


Noise Margin for both "'" 
and "0" 
level = 1.0 Vdc min@ 
VOO 
= 5.0 Vdc 
2.0 Vdc min @ VOO 
= 10 Vdc 
2.5 Vdc min @ VOO 
= 15 Vdc 


tTo calculate total supply current at roads other than 50 pF: 


ITleL} • IT(59 pF} + 8. 10-3 (CL -50) VOOI 


where: IT 
IS in,uA (per package), CL in pF, VOO in Vdc. and f in kHz is input frequency . 
• ·The 
formulas given are for the typical characteristics only at 25°C. 


All Typos 


Characteristic 
Symbol 
VOO 
Min 
Types 
Max 
Unit 


Output 
Rise Time 
ITLH 
ns 


ITLH 
= 13.0 ns/pFI 
CL + 30 ns 
5.0 
- 
180 
360 
ITLH 
= 11.5 ns/pFI 
CL + 15 ns 
10 
- 
90 
180 


ITLH 
= 11.1 ns/pFI 
CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
ITHL 
ns 
ITHL 
= 11.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 


ITHL 
= 10.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 


ITHL 
= 10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagat ion Delay Time 
IpLH. 
ns 


IpLH. IPHL 
= 11.7 ns/pFI 
CL + 135 ns 
IPHL 
5.0 
- 
220 
440 


IPLH. IPHL 
= 10.66 ns/pFI 
CL + 57 ns 
10 
- 
90 
180 


IpLH. IpHL 
= 10.5 ns/pFI 
CL + 35 ns 
15 
- 
60 
120 


Master Reset Pulse Width 
'WHIRl 
5.0 
200 
100 
- 
ns 


10 
100 
50 
- 


15 
70 
35 
- 


Strobe Pulse Width 
IWH(SI 
5.0 
140 
70 
- 
ns 


10 
70 
35 
- 


15 
40 
20 
- 


SetuP Time 
Isu 
5.0 
50 
25 
- 
ns 


10 
20 
10 
- 


15 
10 
5.0 
- 


Hold Time 
Ih 
5.0 
0 
0 
- 
ns 
10 
0 
0 
- 


15 
0 
0 
- 


3-5tate Propagetion 
Delay Time 
IPHZ 
ns 


Output 
"1" 
to High Impedance 


IPHZ 
= 10.49 ns/pF) 
CL + 60.5 ns 
5.0 
- 
85 
170 


IpHZ 
= (0.29 ns/pF) 
CL + 35.5 ns 
10 
- 
50 
100 


tpHZ 
= (0.19 ns/pF) 
CL + 25.5 ns 
15 
- 
35 
70 


Output 
"0" 
to High Impedance 
IPLZ 
ns 


IpLZ 
= 0.32 ns/pF) 
CL + 49 ns 
5.0 
- 
65 
130 


IpLZ 
= (0.29 ns/pF) 
CL + 25.5 ns 
10 
- 
40 
80 


IpLZ 
= (0.28 ns/pFI 
CL + 16 ns 
15 
- 
30 
60 


High Impedance to "1" 
Level 
IPZH 
ns 
IPZH 
= (0.41 ns/pF) 
CL + 64.5 ns 
5.0 
- 
85 
170 


IPZH 
= (0.31 ns/pFI 
CL + 34.5 ns 
10 
- 
50 
100 
IPZH 
= (0.30 ns/pFI 
CL + 20 ns 
15 
- 
35 
70 


High Impedance to "0" 
Level 
IPZL 
ns 
IPZL 
= (0.49 ns/pF) 
CL + 60.5 ns 
5.0 
- 
85 
170 


IPZL 
= (0.29 ns/pFI 
CL + 35.5 ns 
10 
- 
50 
100 


IPZL 
= (0.19 ns/pF) 
CL + 25.5 ns 
15 
- 
35 
70 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that 
normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained 
to the range VSS " 
(Vin or VoutJ 


" 
VOD· 
Unused inputs must always be tied to an appropriate 
logic voltage level le.g., either VSS or VDDI. 


yse 


WHIRl 


VOO 
Master 
Reset 


Input 
50% 
VSS 


On Output 
\. 
;- 
VO 


H 


"--.1 
VOL 


Voo 


00 
!VDD 


ST, 


02 
1.0 k 


03 


1.0 k 


VSS 
CLl 
J- 


ST2 


-=- 


TEST 
STl 
ST2 
ST3 
ST4 


tPHZ 
OPEN 
CLOSE 
CLOSE 
OPEN 


tPLZ 
CLOSE 
OPEN 
OPEN 
CLOSE 


tPZL 
CLOSE 
OPEN 
OPEN 
CLOSE 


tpZH 
OPEN 
CLOSE 
CLOSE 
OPEN 


""'2.5V@VOO=5V, 


~ 
"".,~,," 


== 
2V@VOO= 
SV 


{== 
6V@V'DO=10V 


== 10 V @VOO 
= 15 V 


10" 
VOL 


The 
MC14508B 
can be used in bussed systems as shown. 
The output 
terminals of N 4·bit latches can be directly wired to a 
bus line, and to one of the 4-.bit latches selected. The selected 
latch controls the logic state of the bus line, and the remaining 
(N-1) 4-bit latches are disabled into a high impedance "off" 
state. 
The number of latches, N, which may be connected to a bus line is 
determined 
from 
the output 
drive current, lao, the 3-state or 
disabled output 
leakage current, 
ITL, and the load current. 
IL. 
required to drive the bus line (including fanout 
to other device 
inputs) and can be calculated by the following: 


100 - IL 
N~---+l 
ITL 


TYPICAL 
3-STATE 
APPLICATIONS 


EXAMPLE 1 


00 
---=: 


1/2 
MCI4508B 


'00 


I-ITL' 


1/2 
MCI4508B 


'TL- 


~ 


1/2 
MCI4508E 


ITL- 
ILI 
LL 
~ 


BUS 
LINES 
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The MC 1451OB BCD up/down 
counter is constructed 
with MOS 
P-channel and 
N-channel 
enhancement 
mode devices in a single 
monolithic 
structure. 
The counter consists of type D flip-flop 
stages 
with 
a gating structure 
to provide type T flip-flop 
capability. 
The 
counter 
can be cleared by applying 
a high level on the Reset line. 


This complementary 
MOS counter finds primary use in up/down and 
difference 
counting 
and frequency 
synthesizer applications 
where 
low power dissipation 
and/or 
high noise immunity 
is desired. It is 
also useful in A/D and D/A conversion and for magnitude and sign 
generation. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5.0 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection 
on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Low Input Capacitance - 
5.0 pF typical 


• 
Internally 
Synchronous for High Speed 


• 
Logic 
Edge-Clocked 
Design - 
Count Occurs on Positive Going 
Edge of Clock 


• 
5.0-MHz Counting Rate 


• 
Asynchronous 
Preset Enable Operation 


• 
Capable of Driving Two Low-power 
TTL Loads, One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


• 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating Temperature Range - AL Device 
TA 
-55 to +125 
°c 


C LlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


PRESET 
CARRY 
IN 
UP/DOWN 
ENABLE 
RESET 
ACTION 


1 
X 
0 
0 
No Count 
0 
1 
0 
0 
Count 
Up 
0 
0 
0 
0 
Count 
Down 
X 
X 
1 
0 
Prelft 


X 
X 
X 
1 
Reset 


MC14510B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


"""no 11SUffiX 
Denotel 


L 
Ceramic 
Package 


P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 
e 
Limited 
Operating 
Temperature 
Aenge 


BLOCK DIAGRAM 


PE 
Q1 
6 


Carry In 


9 
A 
02 
11 


10 
Up/Down 
15 
Clock 
03 
14 


4 
P1 


12 
P2 
04 
2 


13 
P3 


3 
P4 
C~ 
Out 


VOO::: 
Pin 16 


VSS"" 
Pin 8 


Voo 
Tlow . 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Mi" 
Typ 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vi" 
'" VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin '" a or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" level 
VIL 
Vdc 
1VO • 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va" 
9.0 0,1.0 
Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va: 
13.50,1.5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V'H 
1VO : 0.5 0' 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va: 
1.00,9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1Vo' 
1.50,13.5 
Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
'OH 
mAde 
1VOH : 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH : 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH : 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH: 
13.5 Vdc) 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdc) 
Sink 
taL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL: 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current ICL/CP Device) 
'OH 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH : 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH: 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


1VOL = 0.4 Vdc) 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
±0.1 
±0.00001 
±0.1 
± 1.0 
,uAdc 


Input 
Current 
(CLlCP Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
±0.3 
- 
±1.0 
.uAdc 


l~put Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
pF 


IV;" = 01 


Quiescent Current (AL Device) 
100 
5.0 
5.0 
0.005 
5.0 
150 
.uAde 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 
Quiescent Current (CLlCP Device) 
too 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current-· 
t 
IT 
5.0 
IT = (0.58 ~A/kHll ,+ '00 
.uAdc 
(Dynamic plus Ouiescent, 
10 
IT = (1.2 ~A/kHl) ,+ 100 


Per Package) 
15 
IT = (1.7 ~A/kHll '+ 100 
fel 
= 50 pF on all outputs, all 
buffers sWitching) 


-T low:: -55°C 
for AL Device, -400C for CLlCP Device. 


Thigh = t1250C 
for AL Device, t8S0C for CLlCP Device. 


.aNoise immunity 
specified for worst-case input combination. 


Noise Margin for both "1" and "0" 
level = 1.0 Vdc min@ VDD 
= 5.0 Vdc 


2.0 Vdc min@ 
VOO 
= 10 Vdc 
2.5 Vdc min@VDD 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'TICL) 
= 'T150 pFI + 1 x 10-3 
ICL -501 VOO' 


where: IT is in IJA (per package), CL in pF, VDD in Vdc, and f in kHz is input frequency . 


• -The formulas given are for the typical characteristics only at 2SoC. 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 
pedance circuit. 
For proper operation 
it is recommended that Vin and Vout be constrained to the range VSS " 
(Vin or Vout) 


<; VOO' 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VDDL 


All Types 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
A ise Time 
'TLH 
. ns 


'TLH 
= 13.0ns/pFI 
CL + 30 ns 
5.0 
- 
180 
360 


'TLH 
= 11.5 ns/pFI CL +15 ns 
10 
- 
90 
180 


ITL.H 
= ILl 
ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
'THL 
ns 


'THL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


'THL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


'THL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delav Time 
'PLH. 
ns 


Clock to 0 
'pHL 
tpLH. 'PHL 
= (1.7 ns/pFI CL + 230 ns 
5.0 
- 
315 
630 


tpLH. 'pHL 
= 10.66 ns/pFI CL + 97 ns 
10 
- 
130 
260 


tpLH. tPHL = (0.5 ns/pFI CL + 75 ns 
15 
- 
100 
200 


Clock 
to Carry 
Out 
'pLH. 
ns 


'pLH. 
tPHL = (1.7 ns/pFI CL + 230 ns 
'PHL 
5.0 
- 
315 
630 


tpLH. tPHL = 10.66 ns/pFI CL + 97 ns 
10 
- 
130 
260 


tPLH. 'pHL 
= 10.5 ns/pFI CL + 75 ns 
15 
- 
100 
200 


Carry 
In to Carry 
Out 
'pLH. 
ns 


'pLH. 
tPHL = 11.7 ns/pFI CL + 95 ns 
tPHL 
5.0 
- 
180 
360 


tPLH. 'pHL 
= 10.66 ns/pFI CL + 47 ns 
10 
- 
80 
160 


tpLH. tPHL 
'= (0.5 ns/pFI CL + 35 os 
15 
- 
60 
120 


Preset 
or 
Reset 
to Q 
'pLH. 
ns 


tPLH. 'PHL 
= 11.7 ns/pFI CL + 230 ns 
'pHL 
5.0 
- 
315 
630 


tPLH. tpHL 
= 10.66 ns/pFI CL + 97 ns 
10 
- 
130 
260 


'PLH. 'PHL 
= 10.5 ns/pFI CL + 75 ns 
15 
- 
100 
200 


Preset 
or 
Reset 
at 
Carry 
Out 
tPLH. 
ns 


tPLH. 'PHL 
= 11.7 ns/pFI CL + 465 ns 
tpHL 
5.0 
- 
550 
1100 


tPLH. tpHL 
= 10.66 ns/pFI CL + 192 ns 
10 
- 
225 
450 


'PLH. 'PHL 
= 10.5 ns/pFI CL + 125 n. 
15 
- 
150 
300 


Clock Pulse Width 
'WH 
5.0 
350 
200 
- 
ns 


10 
170 
100 
- 


15 
140 
75 
- 


Clock 
Pulse 
Frequency 
fel 
5.0 
- 
3.0 
1.5 
MHz 


10 
- 
60 
3.0 
15 
- 
8.0 
4.0 


Preset or Reset Removal Time*· 
trem 
5.0 
650 
325 
- 
ns 


10 
230 
115 
- 


15 
180 
90 
- 


Clock Rise and Fall Time 
'TLH. 
5.0 
- 
- 
15 
j.lS 


'THL 
10 
- 
- 
15 
15 
- 
- 
15 


Carry 
In Setup 
Time 
'su 
5.0 
200 
130 
- 
ns 
10 
120 
60 
- 


15 
100 
50 
- 


Up/Down Setup TIme 


'su 
5.0 
500 
250 
- 
ns 


10 
200 
100 
- 


15 
175 
75 
- 


Preset Enable Pulse Width 
'WH 
5.0 
200 
100 
- 
ns 


10 
100 
50 
- 
15 
80 
40 
- 


Programmable 
Pulse 
Generator 


Carry 
In 


R 
02 


Up/Down 


Clock 
03 
rrrrr 


Voo 


VSS 
VOO 


"SS 


VOO 


VSS 


LI..LL[L[L[Lh-LLrL[Lh- I..L[LlL- LLLrLh- "1.. 


.--- 
---: - 
r- 
., 
rL - 


- 
- 
- 
I-- 
- 
I-- 
- 
I-- - 
~ 


,....., 
- 
- - 
'-- 
- 
- 
~ 
- 
r.::: - - 
= 
I- 
- - 
r--- 
I-- 
I-- 
....., 
I--- 
-- 
- - 
I- 


r- ....., 


I-- 
h 
'-- 
~ 


0 , 
2 
3 
4 
5 
6 
7 
8 
9 
8 
7 
6 
5 
4 
3 
2 , 
0 
0 
9 
6 
7 
0 


01 
02 
03 
04 
01 
02 
03 
04 


Preset 
Enable 
0" Count 
PE 


Cout 
Gin 
Cout 


Clock 
L.S.D. 
Clock 
M.S.D. 


1 - 
Up 
MC14510B 
MC14510B 
U!a 
0- 
Down 
R 
P1 
P2 
P3 
P4 


CIO~ 
+VOO 
A •• 
t 


Open "" Count 


Clock (fin) 
kset 
+VOD 
Open ::: Count 


Resistors 
= 10k n 


tin 
fout= 
~ 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 


complete 
information 
sufficient 
for 
construction 
purposes is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


is 
believed 
to 
be entirety 
reliable. 
However. 
no 
responsibility 
is 


assumed 
for inaccuracies. 
Furthermore, 
such information 
does not 


convey 
to 
the purchaser 
of the semiconductor 
devices described 
any 


license under the patent 
rights of Motorola 
Inc. or others. 


@ MOTOROLA 


The MC14511 B BCD-to-sevensegmentlatch/decoder/driver is con- 
structed with complementary MOS (CMOS) enhancement mode de- 
vicesand NPN bipolar output drivers in a single monolithic structure_ 
The circuit provides the functions of a 4-bit storage latch, an 8421 
8CD-to-seven segment decoder, and an output drive capability_ Lamp 
test (LTI. blanking (si), and latch enable (LE) inputs are used to test 
the display. to turn-off 
or pulse modulate the brightness of the 
display, and to store a BCD code, respectively. 
It can be usedwith 
seven-segmentlight emitting diodes (LED), incandescent, fluorescent, 
gasdischarge, or liquid crystal readouts either directly or indirectly. 
Applications 
include instrument (e.g., counter, DVM, etc.) dis- 


play driver, computer/calculator 
display driver, cockpit display driver, 
and various clock, watch, and timer uses. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 
• 
Low Logic Circuit Power Dissipation 


• 
High-Current Sourcing Outputs (Up to 25 mAl 


• 
Latch Storage of Code 


• 
Blanking Input 


• 
Lamp Test Provision 


• 
Readout Blanking on all Illegal Input Combinations 


• 
Lamp Intensity Modulation Capability 


• 
Time Share (Multiplexing) 
Facility 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TTL 
Loads, One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated 
Temperature Range. 


R_iog 
Symbol 
V.lus 
Unit 


OC Supplv Voltage 
VOO 
-0_5 to +18 
Vdc 


Input Voltage, 
All Inputs 
Vin 
-{).5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Input Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 


Maximum 
Output 
Drive C.rrent 
IOHmax 
25 
mA 
(Source) per Output 


Maximum 
Continuous 
Output 
Power 
POHmax 
50 
mW 
(Source) per Output * 


This device contains circuitry 
to protect the inputs against damage due to high static 
voltages or electric 
fields; however, 
it is advised that 
normal 
precautions 
be taken to 
avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. 
A destructive high current mode may occure if Vin and Vout is not 
constrained to the range VSS :E;(Vin or Vout) :E;VOO- 


Oue to the sourcing capability of this circuit, damage can occur to the device if VOO is 
applied, and the outputs are shorted to Vss 
and are at a logical 1 
(See Maximum 
Ratings). 


Unused inputs must always be tied to an appropriate logic voltage level 
(e.g., 
either 
Vss or VOOI. 


MC14511B 


BCD-TO-SEVEN 
SEGMENT 
LATCH/DECODER/DRIVER 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


MC14XXXB 
~SUffiX 
Oenote. 


L 
Ceramic Pack.age 


P 
Plastic Pack.age 


A 
Extended 
Operating 


Tempftrature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


DISPLAY 


~ 
23456789 


INPIIT 
OUTP 
T 


LE ., 
LT 
0 
C • 
A . b , d . f • 


DISPLAY 


x 
X 
0 
X 
X 
X 
X 
1 , , , , , , 
• 
X 
0 
, 
X 
X 
X 
X 
0 
0 
0 
0 
0 
0 
0 
Blenk 


0 
, 
, 
0 
0 
0 
0 , 
1 , , , , 
0 
0 
0 
, 
, 
0 
0 
0 , 0 
1 , 0 
0 
0 
0 
1 
0 
, 
, 
0 
0 , 
0 , , 
0 , 
1 
0 , 
2 
0 
, 
, 
0 
0 , 
1 , , 
1 , 
0 
0 , 
3 


0 
1 
, 
0 
1 
0 
0 
0 , , 
0 
0 , , · 
0 
, 
1 
0 , 
0 , 
1 
0 , , 0 , , 
• 
0 
1 
1 
0 , 
1 
0 
0 
0 , , , , , · 
0 
1 
1 
0 , 
1 , , , , 
0 
0 
0 
0 
, 
0 
, 
1 
, 0 
0 
0 
1 , , , 
1 
1 " 
• 
0 
, 
, , 
0 
0 
1 , , , 0 
0 , , 
• 
0 
, 
1 
, 
0 , 0 
0 
0 
0 
0 
0 
0 
0 
Blenk 
0 
, 
, , 
0 , , 0 
0 
0 
0 
0 
0 
0 
elenk 
0 
, 
1 
, , 0 
0 
0 
0 
0 
0 
0 
0 
0 
Blenk 
0 
, 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
Blenk 
0 
1 
, 
1 
1 , 
0 
0 
0 
0 
0 
0 
0 
0 
el.nk 
0 
, 
1 
, , , 
1 
0 
0 
0 
0 
0 
0 
0 
81e'" 
, 
1 
, 
X 
X 
X 
X 


X 
so Don't 
Care 


• Depends 
upon 
the 
BCD 
cOde previously 
eppUed 
wh., 
LE- 0 


Voo 
Tlow . 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


I Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


Vin=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.1 
- 
4.1 
4.57 
- 
4.1 
- 
Vde 


Vin=OorVOD 
10 
9.1 
- 
9.1 
9.58 
- 
9.1 
- 


15 
14.1 
- 
14.1 
14.59 
- 
14.1 
- 


'Input 
Voltage# 
"0" Level 
Vil 
Vdc 


(VO ~ 3.8 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO ~ 8.8 or 1.0 Vde) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.80r 
1.5 Vde) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


(VO = 0.5 or 3.8 Vdel 
"1" 
Level 
VIH 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vde 


(VO = 1.0 or 8.8 Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.8 Vde) 
15 
1t.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Voltage (AL 
Device) 
VOH 
Vde 


(lOH = 0 mAdel, 
Sourcel 
5.0 
4.10 
- 
4.10 
4.57 
- 
4.1 
- 


(IOH = 5.0 mAdel 
- 
- 
- 
4.24 
- 
- 
- 


(lOH = 10 mAde) 
3.90 
- 
3.90 
4.12 
- 
3.5 
- 


(IOH = 15 mAde) 
- 
- 
- 
3.94 
- 
- 
- 


(IOH = 20 mAdcJ 
3.40 
- 
3.40 
3.75 
- 
3.0 
- 


(lOH = 25 mAdel 
- 
- 
- 
3.54 
- 
- 
- 


(lOH = OmAdel 
10 
9.10 
- 
9.10 
9.58 
- 
9.1 
- 
Vde 


(IOH = 5.0 mAdel 
- 
- 
- 
9.26 
- 
- 
- 


(IOH = 10 mAdcJ 
9.00 
- 
9.00 
9.17 
- 
8.6 
- 


(lOH = 15 mAdcJ 
- 
- 
- 
9.04 
- 
- 
- 


(IOH = 20 mAde) 
8.60 
- 
8.60 
8.90 
- 
8.2 
- 


(IOH = 25 mAde) 
- 
- 
- 
8.75 
- 
- 
- 


(IOH = 0 mAdel 
15 
14.1 
- 
14.1 
14.59 
- 
14.1 
- 
Vde 


(IOH = 5.0 mAdel 
- 
- 
- 
14.27 
- 
- 
- 


(lOH 
= 10 mAde) 
14.0 
- 
14.0 
14.18 
- 
13.6 
- 


(lOH = 15 mAdel 
- 
- 
- 
14.07 
- 
- 
- 


(10 H = 20 noAIIcl 
13.6 
- 
13.6 
13.95 
- 
13.2 
- 


(IOH = 25 mAde) 
- 
- 
- 
13.80 
- 
- 
- 


Output 
Drive Voltage (CLlCP 
Device) 
VOH 
Vde 


(lOH = 0 mAde)1 
Source 
5.0 
4.10 
- 
4.10 
4.57 
- 
4.1 
- 


(lOH = 5.0 mAde) 
- 
- 
- 
4.24 
- 
- 
- 


(IOH = 10 mAdcJ 
3.60 
- 
3.60 
4.12 
- 
3.3 
- 


(lOH 
= 15 mAde) 
- 
- 
- 
3.94 
- 
- 
- 


(lOH 
= 20 mAdel 
2.80 
- 
2.80 
3.75 
- 
2.5 
- 


(IOH = 25 mAdel 
- 
- 
- 
3.54 
- 
- 
- 


(lOH = OmAdcl 
10 
9.10 
- 
9.10 
9.58 
- 
9.1 
- 
Vde 


(IOH = 5.0 mAde I 
- 
- 
- 
9.26 
- 
- 
- 


(lOH= 
10mAde) 
8.75 
- 
8.75 
9.17 
- 
8.45 
- 


(lOH = 15 mAde) 
- 
- 
- 
9.04 
- 
- 
- 


(lOH = 20 mAdel 
8.10 
- 
8.10 
8.90 
- 
7.8 
- 


(IOH = 25 mAde) 
- 
- 
- 
8.75 
- 
- 
- 


(IOH = OmAdel 
15 
14.1 
- 
14.1 
14.59 
- 
14.1 
- 
Vde 


(IOH = 5.0 mAdel 
- 
- 
- 
14.27 
- 
- 
- . 


(lOH = 10 mAdel 
13.75 
- 
13.75 
14.18 
- 
13.45 
- 


(IOH= 
15mAdcJ 
- 
- 
- 
14.07 
- 
- 
- 


(lOH = 20 mAdel 
13.1 
- 
13.1 
13.95 
- 
12.8 
- 


(lOH 
= 25 mAde) 
- 
- 
- 
13.80 
- 
- 
- 


Output 
Drive Current (A L Device) 
IOl 
mAde 


(VOL 
= 0.4 Vdel 
Sink 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 


(VOL = 0.5 Vdel 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdel 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


OutpUt 
Drive Current 
(CL/CP 
Device) 
IOl 
mAde 


(VOL =0.4 
Vdel 
Sink 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 


(VOL 
= 0.5 Vdel 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdel 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


I"put Current 
(AL Device) 
lin 
15 
to.1 
to.00001 
-+0.1 
.1.0 
/JAde 


Input Current 
(CLlCP 
Devicel 
lin 
15 
- 
± 0.3 
- 
to.00001 
±O.3 
t 1.0 
j.lAdc 


Input Capacitance 
Gin 
5.0 
7.5 
pF 


IV;n: 
01 


Ouiescent 
Current 
(AL 
Device) 
'DO 
5.0 
5.0 
0.005 
5.0 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0,015 
20 
- 
600 


QUIescent 
Current 
ICLlCP 
DeVice) 
'DO 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
80 
0.015 
80 
600 


Total 
Supply 
Current- 
*t 
IT 
5.0 
IT: 
11.9 ~A/kHl) 
f + 100 
,uAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT: 
13.8 ~A/kHll 
f + IDO 


Per 
Package) 
15 
IT' 
15.7 ~A/kHll 
f + 100 


(C L ':: 50 
pF on all outputs, 
all 


buffers 
sWitching) 


·Tlow= 
-5SoC 
for AL Device, -40oC 
for CLlCP 
Device. 
Thigh"" +12SoC for AL Device. +8SoC for CLlCP 
Device. 


#Noise 
Immunity 
spel:ified 
for 
worst·case 
input 
combination. 


NOise 
Margin 
for 
both 
", .. and 
"0" 
level = 


1.0 Vdc min @ Vao 
'"5.0 Vdc 
2.0 Vdc min @ VOO 
= 10 Vdc 
2.5 Vdc min@ 
VOO 
= 15 Vdc 


SWITCHING 
CHARACTERISTICS· 
ICL = 50 pF, TA = 250Cl 


tTo calculate total supply current at loads other than 50 pF: 


ITICL) 
: IT(50 pF) + 3.5 x 10-3 ICL -501 VOOf 
where: 
IT is in IJA (per package). CL in pF. VDD 
in Vdc. 


and f in kHz is input frequency. 


- -The 
formulas given are for the typical 
charactertstlcs only at 25°C. 


Voo 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Ma. 
Unit 


Output 
A ise Time 
'TLH 
ns 
'TLH 
= 11.5 ns/pFI CL + 50 ns 
5.0 
- 
40 
80 


'TLH 
= (0.75 ns/pFI CL + 37.5 ns 
10 
- 
30 
60 


'TLH 
= (0.55 ns/pFI CL + 37.5 ns 
15 
- 
25 
50 


Output 
Fall Time 
'THL 
- 


ns 
'THL 
= 11.5 ns/pFI CL + 50 ns 
5.0 
125 
250 


'THL 
= (0.75 ns/pFI CL + 37.5 ns 
10 
- 
75 
150 


'THL 
= (0.55 ns/pFl CL + 37.5 ns 
15 
- 
65 
130 
. 


I 


Data Propagation 
Delay Time 
'PLH 
ns 


'PLH' 
(0.40 ns/pFI CL + 620 ns 
5.0 
- 
640 
1280 


i 
tpLH 
= (0.25 ns/pFI CL + 237.5 ns 
10 
- 
250 
500 


tPLH = 10.20 ns/pFI CL + 165 ns 
15 
- 
175 
350 


lpHL 
= 11.3 ns/pF) CL 
+ 655 ns 
'pHL 
5.0 
- 
720 
1440 
ns 


lpHL 
= 10.60 ns/pF) CL + 260 ns 
10 
- 
290 
580 


tPHL' 
10.35 ns/pFI CL + 182.5 ns 
15 
- 
200 
400 
Blank Propagation 
Delay Time 
'PLH 
- 
ns 


'PLH 
= 10.30 ns/pFI CL + 305 ns 
5.0 
600 
750 


tpLH 
= 10.25 ns/pFI CL + 117.5 ns 
10 
- 
200 
300 


'PLH • 10.15 ns/pFI CL + 92.5 ns 
15 
- 
150 
220 


'PHL 
= 10.85 ns/pF) CL + 442.5 ns 
'pHL 
5.0 
- 
485 
970 
ns 


lpHL 
= (0.45 ns/pFl CL + 177.5 ns 
10 
- 
200 
400 


'PHL 
= (0.35 ns/pF) CL + 142.5 ns 
15 
- 
160 
320 


Lamp Test Propagation Delay Time 
lpLH 
ns 


lpLH 
= (0.45 ns/pF) CL + 290.5 ns 
5.0 
- 
313 
625 


lpLH' 
10.25 ns/pFI CL + 112.5 ns 
10 
- 
125 
250 


lpLH 
= (0.20 ns/pF) CL + 80 ns 
15 
- 
90 
180 


'PHL' 
(1.3 ns/pFI CL 
+ 248 ns 
tpHL 
5.0 
313 
625 
ns 
lpHL 
= 10.45 ns/pFI CL + 102.5 ns 
10 
- 
125 
250 


lpHL 
= (0.35 ns/pF) CL + 72.5 ns 
15 
- 
90 
180 


Setup Time 
'su 
5.0 
180 
90 
ns 


10 
76 
38 
- 


15 
40 
20 
- 


Hold Time 
Ih 
5.0 
0 
-90 
.:. 
ns 


10 
0 
-38 
- 


15 
0 
-20 
- 


Latch Enable Pulse Width 
'WL 
5.0 
520 
260 
- 
ns 


10 
220 
110 
- 


15 
130 
65 


Input 
LE low, and Inputs 
0, BT and LT high. 


f in respect to a system clock. 
All outputs 
connected 
to respective CL loads. 


1/' 


~ 


50"DutyCVcle 
VOH 


50,. 


--VOL 


20n'~20n, 
9o", 
VOO 
Input 
C 
50",1 
10VI 
V s 
tPLH 
tpHL --l 
S 


90% 
- -VOD 


F 


t,u 
____ 
,~__ 
----VDD 


50" 


~ 
VOH 


Outputg 
\ 
VOL 


**A fil.m.nt 
pr.-warm r.,istor 
is recommended to reduce filament 
th.rmet 
shock .nd 
incr•••• 
the effective cold r.sistance of the 


fil.ment. 


LIQUID CRYSTAL 
(LCD) READOUT 
Excitation 
(Square Wave, 
VSS to VOO) 


15. 


A7 


14 b 


13 c 


B 1 
12 d 


11 • 


17 f 


C2 


16. 


06 


® MOTOROLA 


The 
MC14512B 
is an 8-channel 
data 
selector 
constructed 
with 
MaS 
P-channel 
and 
N-channel 
enhancement 
mode 
devices 
in a 
single 
monolithic 
structure. 
This 
data 
selector 
finds 
primary 
appli- 
cation 
in signal 
multiplexing 
functions. 
It may 
also 
be 
used 
for 
data 
routing, 
digital 
signal 
switching, 
signal 
gating, 
and 
number 


sequence 
generation. 


• 
Quiescent 
Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 


• 
Noise 
Immunity 
= 45% of VDD typical 


• 
Diode 
Protection 
on All Inputs 


• 
High Fanout> 
50 
• 
Single 
Supply 
Operation 
- 
Positive 
or Negative 


• 
3-State 
Output 
(Logic 
"1", 
Logic "0". 
High Impedance) 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, 
One 
Low-power 
Schottky 
TTL 
Load 
or Two 
HTL 
Loads Over the Rated 
Temper- 


ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
'0 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


C 
B 
A 
INHIBIT 
DISABLE 
-Z 


0 
0 
0 
0 
0 
xo 
0 
0 
, 
0 
0 
x, 
0 
, 
0 
0 
0 
X2 
0 
, 
, 
0 
0 
X3 
, 
0 
0 
0 
0 
X4 
, 
0 
, 
0 
0 
X5 


1 
, 
0 
0 
0 
X6 
, 
1 
, 
0 
0 
X7 


oJ> 
oJ> 
oJ> 
, 
0 
0 


oJ> 
¢ 
oJ> 
¢ 
1 
High 
Impedance 


MC14512B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


~ 


SU~f;XC.,::;:t::Ck'9. 


t= P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to high static 
volt- 
agesor electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Voo 
Tlow. 
250C 
Thigh * 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
0.05 
0 
0.05 
0.05 
Vdc 


Vin '" VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = 0 or Von 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" Level 
VIL 
Vdc 


(Va = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va 
z 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
Vdc 


(Va 
z 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(Va: 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH : 4.6 Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH : 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL: 
0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 
(VOH = 4.6 Vdc) 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdc) 
_15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
'in 
15 
- 
±O.l 
- 
to.00001 
±O.l 
- 
t 1.0 
/-lAde 


Input Current 
(CLlCP 
Device) 
lin 
15 
- 
±O.3 
- 
to.00001 
±O.3 
- 
± 1.0 
/-lAde 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin :0) 


Quiescent Current 
(A L Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
I-lAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(CLlCP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current··t 
IT 
5.0 
IT = (0.8 "A/kHz)! 
+ 100 
/olAdc 
(Dynamic 
plus Quiescent, Per Package) 
10 
IT = (1.6 "A/kHz)1 
+ 100 
(CL :: 50 pF on all outputs, all buffers 
15 
IT = (2.4 "A/kHz)! 
+ IDD 
switching) 


Three-5tate 
Leakage Current 
'TL 
15 
- 
to.l 
- 
to.00001 
±O.l 
- 
t3.0 
#lAdc 


(AL Device) 


Three-State 
Leakage Current 
ITL 
15 
- 
± 1.0 
- 
to.00001 
t1.0 
- 
t7.5 
#lAde 


(CL/CP Device) 


*Tlow"" 
-55°C 
for AL Device, -40°C 
for CL/CP 
Device. 


Thigh 
= +'250C 
for AL Device, +850C 
for CL/CP 
Device. 
#Noise 
immunity 
specified for worst-case input combination. 
Noise Margin for both "'" 
and "0" level;. 
1.0 Vdc min @ VDD;' 
5.0 Vdc 
2.0 Vdc min @VDD = 10 Vdc 
2.5 Vdc min@ VDD = 15 Vdc 
tTo 
calculate total supply current at loads other than 50 pF: 


'T(CL) 
E IT(SO pF) + 1 X 10-3(CL 
- SO)VDDI 


where: 
IT is in JAA (per package), CL in pF, VDO 
in Vdc, and f in kHz is input frequency. 
**The 
formulas given are for the typical characteristics only at 25°C. 


All Types 


Characteristic 
Symbol 
VDD 
Typ 
Mox 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
a 13.0 ns/pFI CL + 25 ns 
5.0 
225 
360 
tTLH 
z 11.5 ns/pFI CL + 12 ns 
10 
110 
180 
tTLH' 
11.1 ns/pFI CL + 8 ns 
15 
80 
130 


Output 
Fall Time 
t]"HL 
ns 
tTHL 
• (1.5 ns/pF) CL + 47 ns 
5.0 
130 
200 


tTHL 
• (0.75 ns/pFI CL + 24 ns 
10 
65 
100 


tTHL 
• (0.55 ns/pF) CL + 17 ns 
15 
50 
80 


Turn-Off 
Delay Time 
tPLH 
ns 


tpLH = (0.9 ns/pFI CL + 211 ns 
5.0 
330 
650 
tpLH 
• 10.3 ns/pFI CL + 70 ns 
10 
125 
250 


tpLH = (0.23 ns/pF) CL + 54 ns 
15 
85 
170 


Turn-on 
Delay Time 
tPHL 
ns 


tPHL = 12.7 ns/pF) CL + 184 ns 
5.0 
330 
650 


tpHL· 
(0.9 ns/pF CL + 61 ns 
10 
125 
250 


tpH L = (0.68 ns/pF) CL + 47 ns 
15 
85 
170 


3·State 
Output 
Delay Times 
tPHZ. tPLZ. 
5.0 
60 
150 
ns 
"1" or "0" to High Z, and 
tPZH. tpZL 
10 
35 
100 
High Z to "1" or "0" 
15 
30 
75 


-The formula given is for the typical characteristiCs 
only. 


FIGURE 
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POWER DISSIPATION 
TEST CIRCUIT 
AND WAVEFORM 
-- 
--- 


P.G. 
Gnd 
voo 
Gnd 
P.G. 
vOO 
Gnd 
Gnd 
P.G. 


1 


Output 


-=- Vss 


TEST 


tpHZ 
tpLZ 


tPZL 
tPZH 


Open 
Closed 
Closed 
Open 


Closed 
Open 


Open 


Closed 


Closed 


Open 


Open 
Ctosed 


13 


C 12 
B 
11 
15 


A 
Disable 
1 


XO 
10 
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5 


~ 


X4 


6 


X5 
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X6 


9 
X7 


_lD~ 
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h- 
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VOH 
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5V. 
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{ 
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5V 
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:::: 
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3-STATE 
MOOE OF OPERATION 


Output 
terminals of several MC145128 
B·Bit Data Selectors can be connected 
to 
a 
single 
data 
bus 
as 
shown. 
One 


MC14512B 
is 
selected 
bV 
the 
3-5t8t. 
control, 
and the remaining devices are 
disabled into a high ·impedance "off" 
state. The number of 8-bit data selectors, 
N, that may be connected to a bus line 
is determined 'from 
the 
output 
drive 
current, 
100. 3-stat8 
or disable 
output 
leakage current, 
ITL. 
and 
the 
load 
current. 
IL. 
required to drive the bus 


line 
(including 
fallout 
to other device 
inputs). and can be calculated by: 


N = 100 -IL 
+ 1 


ITL 


N must be calculated for both high and 
low logic state of the bus line. 


® MOTOROLA 


The MC14513B 
BCD-to-seven segment latch/decoder/driver 
is 


constructed with complementary MOS (CMOS) enhancement mode 
devices and NPN bipolar output drivers in a single monolithic struc- 
ture_ The circuit 
provides the functions of a 4-bit storage latch, an 
8421 8CD-to-seven segmentdecoder, and an output drive capability. 
Lamp test (LTl, blanking (BII. and latch enable (LE) inputs are used 
to test the display, to turn-off or pulse modulate the brightness of 
the display, 
and to store a BCD code, respectively. The Ripple 
Blanking Input 
(RBI) and Ripple Blanking Output 
(RBO) can be 
used to suppresseither leading or trailing zeroes. It can be usedwith 
seven-segment light emitting 
diodes (LED), 
incandescent, fluores- 
cent, gas discharge, or 
liquid 
crystal readouts either directly 
or 
indirectly. 


Applications 
include instrument (e.g., counter, DVM, etc.1 dis- 
play 
driver, 
computer/calculator 
display 
driver, 
cockpit 
display 


driver, 
and various 
clock, 
watch, 
and timer 
uses. 


• 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 


• 
Low Logic Circuit Power Dissipation 


• 
High-current Sourcing Outputs (Up to 25 mAl 


• 
Latch Storage of Binary Input 


• 
Blanking Input 


• 
L.ampTest Provision 


• 
Readout Blanking on all Illegal Input Combinations 


• 
Lamp Intensity Modulation Capability 


• 
Time Share (Multiplexing) Capability 


• 
Adds Ripple Blanking In, Ripple Blanking Out to MC14511B 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-Power TTL Loads, One Low-power 
Schottky 
TTL 
Load to 
Two 
HTL 
Loads Over the Rated 


Temperature Range. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain 
per 
Input 
Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 


Maximum 
Continuous 
Output 
Drive Current 
IOHmax 
25 
mA 


(Source) 
per Output 


Maximum 
Continuous 
Output 
Power 
POHmax 
50 
mW 


(Source) 
per Output 
:I: 


This device" contains 
circuitry 
to protect 
the inputs against damage due to high static 
voltages or electric 
fields; however. 
it is advised that 
normal 
precautions 
be taken to 


avoid application 
of any voltage higher than maximum 
rated voltages to this high imped- 
ance circuit. 
A destructive 
high current 
mode may occur if Vin and Vout 
is not con- 
strained to the range VSS ~ (Vin or Vout) 
~ VDD- 


Due to the sourcing capability 
of this circuit, 
damage can occur to the device if VDD 
is 


applied. 
and 
the 
outputs 
are shorted 
to 
VSS 
and are at a logical 
1 (see Maximum 
Ratings>. 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either VSS 
or VODJ. 


MC14513B 


CMOS MSI 


(LOW-POWER COMPLEMENTARY 
MOS) 


BCD~O~EVENSEGMENT 
LATCH/DECODER/DRIVER 
WITH 
RIPPLE 
BLANKING 
>~,,- 
J~UUUUU 
1 


L SUFFIX 
P SUFFIX 
CERAMIC 
PACKAGE 
PLASTIC PACKAGE 
CASE 680 
CASE 707 


OROERING 
INFORMATION 


_c,,,'" 11SUffiX 
Denotes 


L 
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Package 


P 
Plastic Package 


A 
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Operating 


Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 
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· . . 
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· 
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· 
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, 
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0 
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· 
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, 
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0 
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· 
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0 
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· 
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0 
0 
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0 
0 
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X 
Don",e.f' 


RBO 
R611~C"!A) 
,nd",t1e<lbyo,he,._ol,.,'e 
0 __ 
upon 
'hf, BCD ~_ 
po- •••• ""'oly _,,,,,, 
.••r..n LE 
0 


Voo 
Tlow· 
25°C 
Thigh * 


Characteristic 
Symbol 
Vde 
Min 
Max 
Min 
TVp 
Max 
Min 
Max 
Unit 


Output Voltage - Segment Outputs 
VOL 
Vde 


"0" Level 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 


Vin:: 
VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.1 
- 
4.1 
5.0 
- 
4.1 
- 
Vde 


Vin:::.QorVOD 
10 
9.1 
- 
9.1 
10 
- 
9.1 
- 


15 
14.1 
- 
14.1 
15 
- 
14.1 
- 


Output Voltage - 
RBO Output 
VOL 
Vde 
"0" 
Level 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 


Vin:: VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vin=OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VOltage#" 
"0" Level 
VIL 
Vde 


(VO = 3.8 or 0.5 Vde) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 8.8 or 1.0 Vde) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.8 or 1.5 Vde! 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


(VO = 0.5 or 3.8 Vde) 
"1" 
Level 
VIH 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vde 


(VO = 1.0 or 8.8 Vde! 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.8 Vde! 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Voltage 
- 
Segments 
VOH 
Vde 


(AL Device) 
(lOH = 0 mAde! 
Source: 
5.0 
4.10 
- 
4.10 
4.57 
- 
4.1 
- 
(lOH = 5.0 mAde) 
- 
- 
- 
4.24 
- 
- 
- 


(lOH = 10 mAde) 
3.90 
- 
3.90 
4.12 
- 
3.5 
- 


(lOH = 15 mAde! 
- 
- 
- 
3.94 
- 
- 
- 


(lOH = 20 mAde! 
3.40 
- 
3.40 
3.75 
- 
3.0 
- 


(lOH = 25 mAde) 
- 
- 
- 
3.54 
- 
- 
- 


(lOH = 0 mAde) 
10 
9.10 
- 
9.10 
9.58 
- 
9.1 
- 
Vde 
(lOH = 5.0 mAde) 
- 
- 
- 
9.26 
- 
- 
- 
(IOH = 10 mAde) 
9.00 
- 
9.00 
9.17 
- 
8.6 
- 


(IOH = 15 mAde) 
- 
- 
- 
9.04 
- 
-- 
- 


(IOH = 20 mAde! 
8.60 
- 
8.60 
8.90 
- 
8.2 
- 
(lOH = 25 mAde) 
- 
- 
- 
8.75 
- 
- 
- 


(IOH = 0 mAde) 
15 
14.1 
- 
14.1 
14.59 
- 
14.1 
- 
Vde 
(lOH = 5.0 mAde) 
- 
- 
- 
14.27 
- 
- 
- 


(lOH = 10 mAde) 
14.0 
- 
14.0 
14.18 
- 
13.6 
- 
(OH = 15 mAde! 
- 
- 
- 
14.07 
- 
- 
- 
(lOH = 20 mAde! 
13.6 
- 
13.6 
13.95 
- 
13.2 
- 
(IOH = 25 mAde) 
- 
- 
- 
13.80 
- 
- 
- 


Output 
Drive Voltage 
- 
Segments 
VOH 
Vde 
(CLlCP Device! 
(lOH = 0 mAde! 
Source: 
5.0 
4.10 
- 
4.10 
4.57 
- 
4.1 
-- 


(lOH = 5.0 mAde) 
- 
- 
- 
4.24 
- 
- 
- 


(lOH = 10 mAde) 
3.60 
- 
3.60 
4.12 
- 
3.3 
- 


(lOH = 15 mAde) 
- 
- 
- 
3.94 
- 
- 
- 


(lOH = 20 mAde! 
2.80 
- 
2.80 
3.75 
- 
2.5 
- 


(lOH = 25 mAde) 
- 
- 
- 
3.54 
- 
- 
- 


(lOH = 0 mAde) 
10 
9.10 
- 
9.10 
9.58 
- 
9.1 
- 
Vde 
(lOH = 5.0 mAde) 
- 
- 
- 
9.26 
- 
- 
- 


(lOH 
= 10 mAde) 
8.75 
- 
8.75 
9.17 
- 
8.45 
- 


(lOH = 15 mAde) 
- 
- 
- 
9.04 
- 
- 
- 


(lOH = 20 mAde! 
8.10 
- 
8.10 
8.90 
- 
7.8 
- 


(IOH = 25 mAde! 
- 
- 
- 
8.75 
- 
- 
- 


(lOH = 0 mAde! 
15 
14.1 
- 
14.1 
14.59 
- 
14.1 
- 
Vde 
(lOH = 5.0 mAde! 
- 
- 
- 
14.27 
- 
- 
- 


(lOH = 10 mAde! 
13.75 
- 
13.75 
14.18 
- 
13.45 
- 


(lOH 
= 15 mAde! 
- 
- 
- 
14.07 
- 
- 
- 


(IOH = 20 mAde) 
13.1 
- 
13.1 
13.95 
- 
12.8 
- 


(lOH = 25 mAde) 
- 
- 
- 
13.80 
- 
- 
- 


Voo 
Tlow· 
25°C 
Thigh- 


Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Drive Current 
- 
ABO Output 
IOH 
mAd~ 
tAL 
Device) 


(VOH • 2.5 Vdcl 
Source 
5.0 
-0.40 
- 
-0.32 
-0.64 
- 
-0.22 
- 


(VOH • 9.5 Vdcl 
10 
-0.21 
- 
-0.17 
-0.34 
- 
-0.12 
- 


(VOH • 13.5 Vdcl 
15 
-0.81 
- 
-0.66 
-1.3 
- 
-0.46 
- 
(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.18 
- 
0.15 
0.29 
- 
0.10 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
0.47 
- 
0.38 
0.75 
- 
0.26 
- 


(VOL' 
1.5 Vdcl 
15 
1.8 
- 
1.5 
2.9 
- 
1.0 
- 


Output 
Drive Current - 
ABO Output 
IOH 
mAde 
(CL/CP Devicel 
IVOH • 2.5 Vdc) 
Source 
5.0 
-0.25 
- 
-0.21 
-0.64 
- 
-0.17 
- 


IVOH • 9.5 Vdcl 
10 
-0.13 
- 
-0.11 
-0.34 
- 
-0.092 
- 


(VOH • 13.5 Vdcl 
15 
-0.52 
- 
-0.44 
-1.3 
- 
-0.36 
- 


(VOL' 
0.4 Vdcl 
Sink 
tOL 
5.0 
0.12 
- 
0.098 
0.29 
- 
0.080 
- 
mAde 


(VOL' 
0.5 Vdc) 
10 
0.30 
- 
0.25 
0.75 
- 
0.21 
- 


(VOL' 
1.5 Vdc) 
15 
1.2 
- 
0.98 
2.9 
- 
0.80 
- 


Output 
Drive Current 
- 
Segments 
IOL 
mAde 
(AL 
Device) 
(VOL' 
0.4 Vdcl 
Sink 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 


(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.a 
- 
2.4 
- 


Output 
Drive Current 
- 
Segments 
IOL 
mAde 
ICL/CP Device) 
IVOL • 0.4 Vdcl 
Sink 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 


(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
±0.1 
±0.00001 
±0.1 
±1.0 
,uAdc 


Input Current 
ICLlCP 
Device) 
lin 
15 
- 
±0.3 
- 
±0.00001 
±0.3 
- 
±1.0 
,uAdc 


I nput 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
IVin' 
0) 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,uAdc 


(Pet 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
ICL/CP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(pet 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current·" 
t 
IT 
5.0 
IT·ll.9~A/kHzl 
1+ 100 
IJAdc 


(Oynamic 
plus 
Quiescent, 
10 
IT' 
13.8~A/kHz) 
1+ 100 


Per 
Package) 
15 
IT' 
15.7~A/kHzl 
1+100 
(el 
= 50 pF on all outputs, 
all 


buffers 
switching) 


'"Tlow = -55°C 
for AL Device, -40°C 
for CL/CP 
Device. 


Thigh:: 
+'250C 
for AL Device, +250C 
for CLlCP 
Device. 


#- Noise immunity 
specified for worst-case input combination. 


Noise Margin for both .. , .. and "0" level-'" 


'.0 Vdc min@VDD:: 
5.0 Vdc 


2.0 Vdc min@VDo:: 
'0 Vdc 


2.5 Vdc min@VOO 
'" '5 Vdc 


t To calculate total supply current at loads other than 50 pF: 


ITICL)' 
IT(50 pF) + 3.5 x 10-3 (CL - 50) VDOI 
where: 
IT is in J.l.A 
(per package), CL in pF, VOO 
in Vdc, 


and f in kHz is input frequency. 


•• 
The formulas given are for the typical characteristics 
only at 2SoC. 


Input 
LE and RBI 
low, and Inputs 
0, BT and IT high. 


f in respect to a system clock. 


All outputs 
connected 
to respective 
CL toads. 


~ 


50% 
Duty 
Cycle 
VDH 


50% 
__ 
VOL 


All Types 


VOO 
Charecteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output 
A ise Time - 
Segment Outputs 
tTLH 
ns 


5.0 
- 
40 
80 


10 
- 
30 
60 


15 
- 
25 
50 


Output 
Aise Time - 
ABO Output 
tTLH 
ns 


5.0 
_. 
480 
900 
10 
- 
240 
480 


15 
- 
190 
380 


Output 
Fall Time - 
Segment Outputs 
tTHL 
ns 


tTHL 
• 11.5 ns/pFI CL + 50 ns 
5.0 
- 
125 
250 


tTHL 
= 10.75 ns/pFI CL + 37.5 ns 
10 
- 
75 
150 
tTHL 
= 10.55 ns/pFI CL + 37.5 ns 
15 
- 
65 
130 


Output 
Fall Time - 
ABO Outputs 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 50 ns 
5.0 
- 
270 
540 
tTHL 
= 10.75 ns/pFI CL + 37.5 ns 
10 
- 
135 
270 


tTHL 
= 10.55 ns/pFI CL + 37.5 ns 
15 
- 
110 
220 


Propagation 
Delay Time - 
A, B, C. D Inputs 
tpLH 
ns 


tPLH = 10.40 ns/pFI CL + 620 ns 
5.0 
- 
640 
1280 
tPLH 
= 10.25 ns/pFI CL + 237.5 ns 
10 
- 
250 
500 
lpLH 
= 10.20 ns/pFI CL + 165 ns 
15 
- 
175 
350 


tpHL 
= 11.3 nslpFI CL + 655 ns 
tPHL 
5.0 
- 
720 
1440 
ns 


tPHL' 
10.60 ns/pFI CL + 260 ns 
10 
- 
290 
580 
lpHL 
= 10.35 ns/pFI CL + 182.5 ns 
15 
- 
200 
400 


Propagation 
Delay Time - 
RBI Input 
lpLH 
ns 


tpLH 
= 10.30 ns/pFI CL + 305 ns 
5.0 
- 
600 
750 


lPLH • 10.25 ns/pFI CL + 117.5 ns 
10 
- 
200 
300 


tPLH 
= 10.15 ns/pFI CL + 92.5 ns 
15 
- 
150 
220 


tPHL 
= 10.85 ns/pFI CL + 442.5 ns 
tPHL 
5.0 
- 
485 
970 
ns 


tpHL 
= 10.45 ns/pFI CL + 177.5 ns 
10 
- 
200 
400 
lPHL 
= 10.35 ns/pFI CL + 142.5 ns 
15 
- 
160 
320 


Propagation 
Delay Time - 
BI Input 
tPLH 
ns 


lPLH 
= 10.3 ns/pFI CL + 305 ns 
5.0 
- 
600 
750 


lPLH 
= 10.25 ns/pFI CL + 117.5 ns 
10 
- 
200 
300 


lPLH 
= 10.15 ns/pFI CL + 92.5 ns 
15 
- 
150 
220 


tPHL 
= 10.85 ns/pFI CL + 442.5 ns 
tPHL 
5.0 
- 
485 
970 
ns 


tPHL 
= 10.45 ns/pFI CL + 177.5 ns 
10 
- 
200 
400 
tPHL 
= 10.35 ns/pFI CL + 142.5 ns 
15 
- 
160 
320 


Propagation 
Delay Time - 
LT Input 
tPLH 
ns 


lPLH 
= (0.45 nslpFI CL + 290.5 ns 
5.0 
- 
313 
625 


tPLH 
= 10.25 nslpFI CL + 112.5 ns 
10 
- 
125 
250 


lpLH 
= 10.20 ns/pFI CL + 80 ns 
15 
- 
90 
180 


tPHL 
= 11.3 ns/pFI CL + 248 ns 
tPHL 
5.0 
- 
313 
625 
ns 


tPHL = (0.45 ns/pFI CL + 102.5 ns 
10 
- 
125 
250 
lpHL 
= 10.35 ns/pFI CL + 72.5 ns 
15 
- 
90 
180 


Minimum 
Setup Time 
tsu 
5.0 
- 
90 
180 
ns 


10 
- 
38 
76 


15 
- 
20 
40 


Minimum 
Hold Time 
'h 
5.0 
- 
-90 
0 
ns 


10 
- 
-38 
0 
15 
- 
-20 
0 


Minimum 
Latch Enable Pulse Width 
tWL(LE) 
5.0 
- 
260 
520 
ns 


10 
- 
110 
220 


15 
- 
65 
130 


9:1 
50%1- 


Input C 
100=:J 
VSS 


tPLH~PHL 
. 
- 
- 
VOH 


Output 
9 


VOL 


tTLH 
tTH L 


20"':1§ 
90%------VDD 


50% 


10% 
------VSS 
F 


t'u ----=:j i 
th 
VDD 


Input C 
50% 
\~ 
_ 


VSS 


~------------VOH 


Output 9 
\ 
~.----------VOL 


I 
I 
---l l-- 20 ns 
20 nS--l 
r-- 
I 
I 
VDD 
90%\ 
i 
:! 


50%~ 
_ 


tWL(LE) 
--l 
I-- 
VSS 


**A filament 
pre·warm 
resistor 
is recommended 
to reduce filament 
thermal 
shock 
and 
increase 
the 
effective 
cold 
resistance 
of 
the 
filament. 


Excitation 
(Square Wave, 
VSS to Vaal 


'5 a 


A7 


'4 b 


'3 c 


B, 
12 d 


11. 


17t 


C2 


'69 


D6 


MC145138 


o 
0 
, 


(3) 


MC14513B 


o 
0 
0 


(0) 


MC145138 
o 
1 
0 
1. 


(5) 


MC145138 
o 
0 
0 
0 


(01 


MC145138 
o 
0 
0 
1 


(11 


MC145138 
o 
0 
1 


(3) 


MC145138 
o 
0 
0 
0 


101 


MC145138 
000 
0 


(OJ 


@ MOTOROLA 
MC14514B 
MC14515B 


The MC14514B and MC14515B are two output options of a 4 to 
16 line decoder with latched inputs. The MC14514B (output active 
high option) 
presents a logical "1" 
at the selected output, whereas 
the MC14515B (output active low option) presents a logical "0" at 
the selected output. The latch!!s are R-S type flip-flops which hold 
the last input data presented prior to the strobe transition from "1" 
to "0". 
These high and low options of a 4-bit latch/4 to 16 line de- 


coder are constructed with N-channel and P-channel enhancement 
mode devices in a single monolithic 
structure. The latches are R-S 
type flip-flops 
and data is admitted upon a signal incident at the 


strobe input, decoded, and presented at the output. 
These complementary circuits find primary use in decoding appli- 


cations where low power dissipation and/or high noise immunity 
is 
desired. 


• 
Quiescent Current = 5.0 nA packagetypical @ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL L.oador Two HTL Loads Over the Rated Temper- 
ature Range 


• 
Single Supply Operation - Positive or Negative 


• 
Input Impedance = 1012 ohms typical 


4-BIT LATCH/4-TO-16 
LINE DECODER_: 


24- 
, 
' 
' 


1 
·l 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
709 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 
to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operi:ltlng 
Temperature 
Range 
- 
AL DeVice 
TA 
-55 to +125 
DC 


CLlCP 
DeVIce 
-40 to +85 


Storage 
Temperature 
Range 
T 5t9 
-65 to +150 
DC 


BLOCK DIAGRAM 
50 
ABeD 


51 
ABCD 


Von 
= Pin 24 
52 
ABeD 
vss = Pin 12 


53 
ABeD 


54 
ABeD 


Data 
1 


A 
55 
ABeD 


3 
56 
ABeD 
Data 2 
4to 
16 
57 
ABeD 
21· 
Latch 
C 
Decoder 
58 
ABeD 
Data 3 


22 
D 
59 
ABeD 
Data 4 
510 
ABC 
0 


511 
ABeD 


Strobe 
512 
ABeD 


513 
ABeD 


514 
A Be 
0 


515 
ABC 
0 


23 
Inhibit 


MC14XXX8 
E5U~f;Xc.::;:t::Ck'Q. 
C P 
Plastic 
Package 


. 
A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


DATA 
INPUTS 
SE LECTE 0 OUTPUT 


MC14514 
= Logic "1" 


INHIBIT 
0 
C 
8 
A 
MC14515 
= Logic "0" 


0 
0 
0 
0 
0 
50 


0 
0 
0 
0 
, 
51 


0 
0 
0 
1 
0 
52 


0 
0 
0 
1 
, 
53 


0 
0 
, 
0 
0 
54 


0 
0 
, 
0 
, 
55 


0 
0 
, 
1 
0 
56 


0 
0 
, 
1 
1 
57 


0 
, 
0 
0 
0 
58 


0 
1 
0 
0 
1 
59 


0 
, 
0 
1 
0 
510 


0 
1 
0 
1 
1 
511 


0 
, 
1 
0 
0 
512 


0 
, 
1 
0 
1 
513 


0 
, 
, 
1 
0 
514 


0 
, 
, 
1 
1 
515 
, 
X 
X 
X 
X 
All Outputs 
0,MC14514 
All Outputs 
=1,MC14515 


Voo 
Tlow. 
2SoC 
. 
Thi 
h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
O.OS 
Vdc 


Vin=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14,95 
- 


Input 
Voltage# 
, 
"0" Level 
VIL 
Vdc 


IVO' 
4,5 or{),5 Vdcl 
5.0 
- 
1.5 
- 
2,25 
1.5 
- 
1.5 


IVO.' 
9,0 or 1,0 Vdcl 
10 
- 
3,0 
- 
4,50 
3,0 
- 
3.0 


IVO' 
13.5 or 1.5 Vdcl 
15 
- 
4,0 
- 
6,75 
4,0 
- 
4,0 


"'" 
Level 
VIH 


IVa = 9,5 or 4.5 Vdcl 
5.0 
3.5 
- 
3,5 
2.75 
- 
3,5 
- 
Vdc 
IVo 
= 1.0 or 9,0 Vdc) 
10 
7,0 
- 
7,0 
5,50 
- 
7,0 
- 
IVo ~ 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


IVOH 
= 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0,7 
- 


IVOH = 4,6 Vdc) 
5.0 
-0,25 
- 
-0.2 
-0.36 
- 
-0,14 
- 
IVOH ' 9,5 Vdc) 
10 
-0,62 
- 
-0,5 
-0,9 
- 
-0,35 
- 
IVOH = 13.5 Vdc) 
15 
-1.8 
- 
-1,5 
-3,5 
- 
-1.1 
- 


IVOL = 0,4 Vdc) 
Sink 
IOL 
5,0 
0,64 
- 
0,51 
0.88 
- 
0,36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0,9 
- 


(VOL' 
1.5 Vdcl 
15 
4,2 
- 
3.4 
8,8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 


IVOH ' 2.5 Vdc) 
Source 
5,0 
-1.0 
- 
-0,8 
-1.7 
- 
-0,6 
- 


(VOH = 4,6 Vdcl 
5,0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9,5 Vdcl 
10 
-0,5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13,5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0,52 
- 
0.44 
0,88 
- 
0.36 
- 
mAde 


(VOL = 0,5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0,9 
- 


IVOL = 1.5 Vdcl 
15 
3,6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
fAL 
Device) 
lin 
15 
- 
± 0.1 
- 
±OOOOOI 
±o.l 
- 
± 1.0 
.uAde 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
± 0.3 
- 
±0,00001 
± 0.3 
- 
± 1.0 
,/JAde 


Input 
Capacitance 
ein 
- 
- 
- 
5.0 
7,5 
- 
- 
pF 


(Vin 
= 0) 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0,005 
5.0 
- 
150 
/JAde 
(Per Package) 
10 
- 
10 
- 
0,010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per 
Packagel 
10 
- 
40 
- 
0,010 
40 
- 
300 


15 
- 
80 
- 
0,015 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT =(1.35 "A/kHz) 
f + 100 
/JAde 


(Dynamic 
plus 
Quiescent, 
10 
IT =12,70 "A/kHzl 
I + 100 


Per Package) 
15 
IT =14,05 "A/kHzl 
I + 100 


(CL 
.,..50 pF 
on all outputs. 
all 


buffers 
switching) 


-Tlow"" 
-55°C 
for 
AL 
DeVice. 
-40°C 
for CLlCP 
Device. 


Thigh"" 
+1250C 
for 
AL 
Device. 
+850C 
for CLlCP 
Device . 


.::Noise 
Immunity 
spedfied 
for 
worst-case 
input 
combination 


NOise Margin 
for 
both"," 
and 
"0" 
level 
,.. 


'.0 
Vdc 
min 
@ VOD 
=c 5.0 
Vdc 


2.0 
Vdc 
min@ 
VDO 
'" 10 Vdc 


2.5 Vdc 
min@ 
VOO 
-' 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF: 


IT(CL) , ITI50 pF) + 2 x 10-3 ICL -501 VOOI 


where: 
IT 
is in ~A 
(per 
packagel, 
CL 
in pF, 
VOO 
in Vdc. 


and 
f in kHz 
is input 
frequency 
. 


.•-The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 25°C. 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 


voltages 
or 
electric 
fields; 
however, 
it 
is advised 
that 
normal 
precautions 
be 
taken 
to 


avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 


impedance 
circuit. 
For 
proper 
operation 
it 
is 
recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to the range 
VSS" 
(Vin 
or Vout) 
" 
VOO. 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate 
logic 
voltage 
level 
(e.g., 
either 


VSS or 
VOOI. 


All Typ •• 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH 
= (3.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= (1.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 


tTLH 
= (l.t 
ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL 
= (1.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH. 
ns 


tpLH. tpHL 
= 11.7 ns/pFI CL + 465 ns 
tPHL 
5.0 
- 
550 
1100 


tPLH. tpHL 
= (0.66 ns/pF) CL + 192 ns 
10 
- 
225 
450 


tpLH. tpHL 
= 10.5 ns/pF) CL + 125 ns 
15 
- 
150 
300 


Inhibit 
Propagation Delay Times 
tPLH. 
ns 


tpLH. tPHL 
= (1.7 ns/pF) CL + 315 ns 
tPHL 
5.0 
- 
400 
800 


tPLH. tpHL 
= 10.66 ns/pF) CL + 117 ns 
10 
- 
150 
300 


tpLH. tPHL 
= (0.5 ns/pF) CL + 75 ns 
15 
- 
100 
200 


Setup Time 
tsu 
ns 


5.0 
250 
125 
- 


10 
100 
50 
- 


15 
75 
38 
- 


Strobe Pulse Width 
tWH 
ns 


6.0 
350 
175 
- 


10 
100 
50 
- 


15 
75 
38 
- 


For 
MC14514B 


1. 
For P-channel: 
Inhibit 
= VSS 
and 01-04 
constitute 
binary 
code for "output 
under test." 


2. 
For N-channel: 
Inhibit 
= VOO 


For MC14515B 


1. For P-channel: 
Inhibit 
= Vao 


2. 
For N-channel: 
Inhibit 
= VSS 
and 01-04 
constitute binary 
code for "output 
under test." 


Output 50 


S1 
Output 51 
tTLH 
tTHL 


Inhibit 
iCLIICL 


Input 
01 
1-=-= 
Programable 
I 


Pul•• 
I 


Gener.tor 
02 
1 
I 
Output 


03 
I 
VSS 


I 
I 


Output 
515 
tTLH 
tTHL 


:fL 


3: 
(")...• 
~ 
U'1 
...• 
~to 


ABeD 
• 
11 so 
3: 


ABED 
n 
9 
51 
...• 
~ 
ABeD 
U'1 


10 
52 
...• 
U'1 
ABeD 
to 
8 
53 


ABeD 
7 
54 


ABeD 
6 
55 


ABeD 
5 
56 


A8CD 
4 
57 


ABeD 
18 
58 


ABeD 
17 
S9 


ABeD 
20 510 


ABeD 
19511 


"ABeD 
14512 


ABeD 
13 
513 


ABeD 
16514 


A8CD 
15 
515 
'---v---' 


In 
MC14515B 
Only 


Two MC14512 
eight-channel data selectors are used here with 
the MC14514B 
four-bit 
latch/decoder to effect a complex data 
routing system. 
A total of 16 inputs from data registers are selec- 


ted and transferred via a 3-state data bus to a data distributor 
for 
rearrangement and entry 
into 
16 output 
registers. 
In this way 
sequential data can be re-routed or intermixed according to patterns 
determined by data select and distribution 
inputs. 
Data is placed into the routing scheme via the eight inputs on 
both 
MC14512 
data selectors. 
One register is assigned.to fiaCfl 
input. 
The signals on AO, A 1, and A2 choose one of eight inputs 
for transfer out to the 3-state data bus. A fourth signal, labelled 
Ois, disables one of the MC14512 
selectors, assuring transfer of 


data from only one register. 


In addition to a choice of input registers, 1 thru 16, the rate of 
transfer of the sequential information 
can also be varied. That is, 
if the MC14512 
were addressed at a rate that is eight times faster 


than the shift frequency of the input registers, the most significant 
bit (MSBI from each register could be selected for transfer to the 
data bus. Therefore, all of the most significant bits from all of the 
registers can be transferred to the data bus before the next most 
significant bit is presented for transfer by the input registers. 


Information 
from 
the 
3-5tate bus is redistributed 
by 
the 
MC14514B 
four-bit 
latch/decoder. Using the four-bit 
address, 01 


thru 04, the information 
on the inhibit 
line can be transferred to 


the addressed output line to the desired output registers, A thru P. 
This distribution 
of data bits to the output 
registers can be made 


in many complex patterns. For example, all of the most significant 
bits from the input registers can be routed into output register A, 
all of the next most significant 
bits into register B, etc. In this 


way horizontal, 
vertical, or other methods of data slicing can be 


implemented. 


Input 
Registers 
~ 


DO 


D1 


D2 
N 
03 
~ 


D4 
u 
D5 
:; 


D6 


D7 
AO Al 
A2 


Data 
{ 
Select 


Circuit 
diagrams utilizing 
Motorola 
products are included as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 


complete 
information 
sufficient 
for 
construction 
purposes is nOt 
necessarily given. 
The information 
has been carefully 
checked and 


Data 
Distribution 
~ 


Output 
Registers 
,------A------, 


01020304 


$0 
$1 


$2 


$3 


$4 


$5 


$6 


$7 


$8 


$9 


$10 


$11 


$12 


$13 


Inhibit 
514 


$15 


is believed 
to 
be entirely 
reliable. 
However, 
no responsibility 
is 


assumed for 
inaccuracies. 
Furthermore, 
such information 
does nOt 


c.onvey to the purchaser ~f the semiconductor 
devices described any 


license under the patent fights of Motorola 
Inc. or others. 


® MOTOROLA 


The MC145168 is constructed with MOS P-channeland N-channel 


enhancement mode devices in a single monolithic 
structure_ This 


complementary MOS circuit finds primary usewhere low power dis- 
sipation and/Or high noise immunity is desired_ 


This 
binary 
presettable up/down 
counter 
may be used as a 


counting/frequency 
synthesizer, in A/D 
and D/A 
conversion, for 


up/down 
counting, for magnitude and sign generation, and for dif- 


ference 
counting. 


• 
Quiescent Current = 5.0nA/package typical 
@ 5.0 Vdc 


• 
Noise immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Low Input Capacitance - 5.0 pF typical 


• 
Internally Synchronous for High Speed 


• 
Logic Edge-Clocked Design - 
Count Occurs on Positive Going 
Edge of Clock 


• 
5.0-MHz Counting Rate 


• 
Single Pin Reset 


• 
Asynchronous Preset Enable Operation 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-05 
to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current DraIn 
per Pin 
I 
10 
mAde 


Operating Temperature Range - 
AL Device 
TA 
-55 
to +125 
°c 


CLlCP 
DevIce 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°c 


PRESET 


CARRYIN 
UP/DOWN 
ENABLE 
RESET 
ACTION 
, 
X 
0 
0 
No 
Count 
0 
1 
0 
0 
Count 
Up 
0 
0 
0 
0 
Count Down 


X 
X 
1 
0 
Preset 


X 
X 
X 
1 
Reset 


MC14516B 


1flI/IIIflfJ~ 
JI~~ 
ij U ,.~'l~ ~ij 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MOO""" 1l;SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 


QO 
6 


Q1 
11 


10 
"---- 
Up/Down 


15 
02 
14 


4 


12 
03 


13 


3 
C~ 
Ou' 


VOD 
= Pin 16 


VSS 
•• Pin 8 


This 
device contains circuitry 
to 
protect 
the inputs against damage due to high static 
voltages or 
electric 
fields; ho~ver, 
-it is 


advised that 
normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. For proper operation it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
'" 
(V in 
or 
VOU'} 
" 
VDD· 


Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 


VSSor VDDI. 


Voo 
Tlow. 
25°C 
Thi 
h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
o or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Vottage#' 
"0" 
Level 
VIL 
Vdc 
IVO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
- 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
IVO" 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
..,,, level 
VIH 


IVO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVO - 1.0 or 9.0 Vdc} 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1.50' 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
fAL 
Device) 
10H 
mAde 
IVOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH • 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


{VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


{VOL = 0.4 Vdc} 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


{VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 
Output Drive Current (CUep 
Device) 
'OH 
mAde 
IVOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH • 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
IVOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


{VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


IVOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


{VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(Al 
Device) 
lin 
15 
- 
± 0.1 
- 
±0.00001 
±O.1 
- 
1: 1.0 
/-lAde 


Input 
Current 
(CUep 
Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
± 0.3 
- 
1: 1.0 
/JAde 


Input Capacitance 
ein 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
= 0) 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
lG 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CUep 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J,tAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current··t 
IT 
5.0 
IT = 10.58 .A/kHz} 
,+ 
100 
IJAde 
(Dynamic plus Quiescent, 
10 
IT = 11.2 .A/kHzl 
, + '00 
Per Package) 
15 
'T = 11.7.A/kHz)' 
+ '00 
(CL = 50 pF on all outputs, all 
buffers switching) 


-Tlow 
= -550C for AL Device, -40oC for CLlCP Device. 


Thigh = +1250C for AL Device, +850C for CLlCP Device. 
#Noise immunity 
spec..:jfiedfor worst·case input combination. 


Noise Margin for both "1" and "0" 
level = 1.0 Vdc min@ VOD 
= 5.0 Vdc 
2.0Vdcmin@VDO 
= 10Vdc 
2.5 Vdc min @VDO 
= 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


IT{eL) " 'T150 pFI 
+ 1 x 10-3 ICL -501 VOO' 
where: IT is in JJA(per package), CL in pF, VOO in Vdc, and f in kHz is input frequency. 


--The 
formulas given are for the typical characteristics only at 2SoC. 


All Typos 


Characteristic 
Symbol 
VOO 
Min 
Typ 
MIx 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
ns 


Clock to Q 
tpHL 


tPLH. tPHl. 
= 11.7 ns/pF) CL + 230 ns 
5.0 
- 
315 
630 


tPLH. tPHL = 10.66 ns/pFI CL + 97 ns 
10 
- 
130 
260 


tPLH. tpHL 
= 10.5 nslpFI CL + 75 ns 
15 
- 
100 
200 


Clock to Carry Out 
tPLH. 
ns 


tPLH. tpHL = 11.7 ns/pF) CL + 230 ns 
tpHL 
5.0 
- 
315 
630 


tpLH. 
tPHL = 10.66 ns/pF) CL + 97 ns 
10 
- 
130 
260 


tPLH. tpHL 
= 10.5 ns/pFI CL + 75 ns 
15 
- 
100 
200 


Carry In to Carry Out 
tpLH. 
ns 


tpLH. 
tpHL 
= 11.7 ns/pF) CL + 95 ns 
tpHL 
5.0 
- 
180 
360 


tpLH. 
tPHL = 10.66 ns/pF) CL + 74 ns 
10 
- 
80 
160 


tPLH. tpHL 
= 0.5 ns/pF) CL + 35 ns 
15 
- 
60 
120 


Preset or Reset to Q 
tPLH. 
ns 


tPLH. tpHL 
= 11.7 ns/pFI CL + 230ns 
tpHL 
5.0 
- 
315 
630 


tpLH. 
tpHL 
= 10.66 ns/pFI CL + 97 ns 
10 
- 
130 
360 


tpLH. 
tPHL = 10.5 ns/pFI CL + 75 ns 
15 
- 
100 
200 


Preset or Reset to Carry Out 
tpLH. 
ns 


tPLH. tPH L = 11.7 ns/pF) CL + 465 ns 
tPHL 
5.0 
- 
550 
1100 


tPLH. tpHL 
= 10.66 ns/pFI CL + 192 ns 
10 
- 
225 
450 


tPLH. tPHL 
= (0.5 ns/pFI CL + 125 ns 
15 
- 
150 
300 


Clock Pulse Width 
tWH 
5.0 
350 
200 
ns 
10 
170 
100 
- 


15 
140 
75 
- 


Clock Pulse Frequency 
tel 
5.0 
- 
3.0 
1.5 
MHz 
10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 


Preset or Reset Removal 
Time·· 
trem 
5.0 
650 
325 
- 
ns 
10 
230 
115 
- 


15 
180 
90 


Clock Rise and Fall Time 
tTLH, 
tTHL 
5.0 
- 
- 
15 
"s 
10 
- 
- 
15 


15 
- 
15 


Carry In setup Time 
tsu 
5.0 
260 
130 
- 
ns 
10 
120 
60 
- 


15 
100 
50 
- 


Up/Down 
Setup Time 
tsu 
5.0 
500 
250 
- 
ns 
10 
200 
100 
- 


15 
150 
75 
-, 


Preset Enable Pulse Width 
tWH 
5.0 
200 
100 
- 
ns 
10 
100 
50 
- 


15 
80 
40 
- 
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I L - 


-, 
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- 
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- - 
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rrtl 
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Q 


C 


T 
a 
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ENABLE 
CLOCK 
T 
°0+1 
1 
x 
X 
Parallel In 


0 
-r- 
0 
an 


0 
-r- 
, 
an 


0 
~ 
X 
an 


Voo 


VSS 
VOO 


VSS 


VOO 


00 
01 
02 
03 
00 
01 
02 
03 


PE 


Gin 
c;;:; 


Clock 
M.S.O. 


MC14516B 
Ulo 


A 
PO 
P1 
P2 
P3 


CIVO~e.t 
+ 
DO 


Open::: Count 


Clock (fin) 


~et 
+VOD 


Open 
== Count 


Resistors'" 
10 k!l 


fin 
fout'" 
-;;- 


Circuit 
diagrams utilizing 
Motorola 
products 
afe included 
as It means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


is 
believed 
to 
be entirely 
reliable. 
However, 
no 
responsibility 
is 


assumed for 
inaccuracies. 
Furthermore. 
such information 
does not 


convey 
to the purchaser of the semiconductor 
devices described 
any 


license under the patent 
rights of Motorola 
Inc. Or others. 


® MOTOROLA 


The 
MC14517B 
dual 
64-bit 
static 
shift 
register 
consists 
of two 


identical, 
independent, 
64-bit 
registers_ 
Each 
register 
has separate 
clock 
and write 
enable 
inputs, 
as well as outputs 
at bits 
16,32, 
48, 


and 
64_ Data 
at the 
data 
input 
is entered 
by clocking, 
regardless 
of the 
state 
of the write 
enable 
input. 
An output 
is disabled 
(open 
circuited) 
when 
the 
write 
enable 
input 
is high_ During 
this 
time, 


data 
appearing 
at the 
data 
input 
as well 
as the 
16-bit, 
32-bit, 
and 
4B-bit 
taps 
may 
be entered 
into the device 
by application 
of a clock 


pulse_ This 
feature 
permits 
the 
register 
to be loaded 
with 
64 bits in 


16 clock 
periods, 
and also permits 
bus logic to be used. This device 
is useful 
in time 
delay 
circuits, 
temporary 
memory 
storage 
circuits, 
and other 
serial shift register 
applications. 


• 
Quiescent 
Current 
= 10 nA/package 
typical 
@ 5 Vdc 


• 
Noise 
Immunity 
= 45% of VDD typical 


• 
Diode 
Protection 
on All Inputs 


• 
Fully Static 
Operation 


• 
Output 
Transitions 
Occur 
on the 
Rising 
Edge of the Clock 
Pulse 


• 
6.7 MHz Operation 
@ VDD = 10 Vdc 


• 
Exceedingly 
Slow 
Input 
Transition 
Rates 
May Be Applied 
to the 
Clock 
Input 


• 
3-State 
Output 
at 64th-Bit 
Allows 
Use in Bus Logic Applications 


• 
Shift 
Registers 
of 
any 
Length 
may 
be 
Fully 
Loaded 
with 
16 
Clock 
Pulses 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, One 
Low-power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper- 


ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


MC14517B 


DUAL 54-BIT STATIC 


SHIFT 
REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 690 


P SUFFIX 


PLASTIC 
PACKAG.E 


CASE 648 


."""'1l;SUffiX 
Denote. 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extlll!nded Operating 


Temperatur. 
Range 
C 
Limited 
Operating 


Temperatur. 
Range 


WRITE 


CLOCK 
ENABLE 
DATA 
16·BIT TAP 
32-BIT TAP 
48-BIT TAP 
64·BIT TAP 


0 
0 
X 
Content 
of 16-Bit 
Content of 32·Bit 
Content 
of 48-8 
it 
Content 
of 64-Bit 
Displayed 
Displayed 
Displayed 
Displayed 
0 
1 
X 
High 
Impedance 
High 
Impedance 
High 
I mped ance 
High 
I mped anca 


1 
0 
X 
Content 
of 
16-Bit 
Content 
of 32-Bit 
Content 
of 48-Bit 
Content 
of 64-Bit 


Displayed 
Displayed 
Displayed 
Displayed 


1 
1 
X 
High 
Impedance 
High 
Impedance 
High 
I mped ance 
High 
Impedance 


..r 
0 
Data 
entered 
Content 
of 
16- Bit 
Content 
of 32-Bit 
Content 
of 48·Bit 
Content 
of 64·Bit 


into 
1st Bit 
Displayed 
Displayed 
Displayed 
Displayed 


..r 
1 
Data 
entered 
Data 
at tap 
Data 
at tap 
Data 
at tap 
High 
Impedance 
into 
1st Bit 
entered 
into 
17-Bit 
entered 
into 
33-Bit 
entered 
into 
49-Bit 


""'- 


0 
X 
Content 
of 
16· Bit 
Content 
of 32·Bit 
Content 
of 48-Bit 
Content 
of 64·8It 
Displayed 
Displayed 
Displayed 
Displayed 


""- 
1 
X 
High 
Impedance 
High 
Impedance 
High 
Impedance 
High 
Impedance 


FUNCTIONAL 


TRUTH 
TABLE 


Voo 
Tlow. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
TVp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin '" VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin '" 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(Va = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1Vo = 9.0 or 1:0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(Va = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1Vo = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current IAL Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
1VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Devicel 
IOH 
mAde 


1VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


1VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
taL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
±O.l 
±O.OOOOI 
±O.l 
± 1.0 
JJ.Adc 


Input 
Current 
(CLlCP 
Device) 
'in 
15 
- 
± 0.3 
- 
±0.00001 
± 0.3 
- 
± 1.0 
IJAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
pF 


1Vin = 01 


Quiescent Current (AL Device) 
'DO 
5.0 
5.0 
0.010 
5.0 
150 
IJAdc 


(Per 
Package) 
10 
- 
10 
- 
0,020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVIce) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
,uAdc 


(Per 
Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 


15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply Current·· 
t 
IT 
5.0 
IT =(4.2 
~A/kHzl 
f + IDO 
jJ.Adc 


(Dynamic 
plus 
Ouiescent, 
10 
IT =(8.8 
~A/kHzl 
f + IDO 
Per Package) 
15 
IT = 113.7 ~AlkHzl 
f + 100 


eel 
= 50 pF on all outputs, all 
buffers switching) 


Three·State Leakage Current 
ITL 
15 
- 
±0.1 
- 
'0.00001 
± 0.1 
- 
±3.0 
,uAdc 


(AL Device) 


Three-State Leakage Current 
ITL 
15 
- 
±1.0 
- 
'0.00001 
± 1.0 
- 
± 7.5 
,uAdc 
(CLlCP Device) 


*Tlow = -55°C 
for AL Device, -400C for CLlCP Device. 
Thigh = +1250C for AL Device, +850C for CLlCP Oevice. 


.uNoise immunity 
specified for worst-case input combination. 
NOiseMargin for both "1" and "0" 
level'" 1.0 Vdc min@ VOD 
:z: 5.0 Vdc 


2.0 Vdc min @ VOO 
:::10 Vdc 
2.5 Vdc min@ VOO 
::: 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


ITICLI 
= ITI50 pFI + 4\. 
10-3 (CL -SOl VODI 


where: IT is in,uA (per package), CL in pF, VOO in Vdc. and f in kHz is input frequency. 


"The 
formulas given are for the typical characteristics only at 25°C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output 
Rise Time 
'TLH 
ns 
tTLH: 
13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
: 0.5 
ns/pF) CL + 15 ns 
10 
- 
90 
180 


tTLH = 11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 
tTHL 
z 11.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
c 10.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH, 
ns 


tpLH, 
'PHL 
: 11.7 ns/pF) CL + 390 ns 
tpHL 
5.0 
- 
475 
770 


tpLH, 
'pHL: 
10.66 ns/pF) CL + 177 ns 
10 
- 
210 
300 


tPLH, tpHL: 
10.5 ns/pF) CL + 115 ns 
15 
- 
140 
215 


Clock Pulse Width 
'WH 
5.0 
330 
170 
- 
ns 


10 
125 
75 
- 
15 
100 
60 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
3.0 
1.5 
MHz 


10 
- 
6.7 
4.0 
15 
- 
8.3 
5.3 


Clock Pulse Rise and Fall Time 
tTLH, 
tTHL 
5.0 
- 


10 
--See 
Note 
15 


Data to Clock Setup Time 


'su 
5.0 
0 
-40 
- 
ns 


10 
10 
-15 
- 
15 
15 
0 
- 


Data to Clock Hold Time 
th 
5.0 
150 
75 
- 
ns 


10 
75 
25 
- 
15 
35 
10 
- 


Write Enable to Clock Setup Time 
'su 
5.0 
400 
170 
- 
ns 


I 
10 
200 
65 
- 


I 
15 
110 
50 
- 


Write Enable to Clock Release Time 
trel 
5.0 
380 
160 
- 
ns 


10 
180 
55 
- 
15 
100 
40 
- 


-The 
formula given is for the typical characteristics only. 
- -When shift register sections are cascaded. the maximum 
rise and fall time of the clock input should be equal to or less than the rise and fall 
time of the data outputs. 
driving data inputs. plus the propagation 
delay of the output driving stage. 


0--/ 


(f'" 
1/2 fol 


r--VOO 
\ •.._-_....11_-- 
VSS 


Wrie- 
~~ 
_ 
Enable ----v--' 
Write Enabl. - O. 16·bit output 
Write Enable - 1, 17-bit input 


9~% 
33 
. 
Voo 


50% 


10% 


;':-1- 
Vss 
~---Voo 


--- 
----vss 


5~~J 


Voo 


Vss 


Voo 


Vss 


Voo 


Vss 


Voo 


Vss 


Voo 


Vss 


This device 
contains 
circuitry 
to protect 
the inputs 
against 
damage due to high static 
voltages or electric fields; however, it is advised that normal precputions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high 
impedance circuit. 
For proper operation it is recommended that Vi" 
and Vout 
be 
constrained to the range VSS <: (Vi" or Vout) 
<; Voa· 


Unuseq inputs 
must always be tied to an appropriate 
logic voltage 
level (e.g., either 
Vss or VOOI. 
. 


@ MOTOROLA 


The MC145188 dual 8CD counter and the MC145208 dual bi- 
nary counter 
are constructed with 
MaS P-channel and N-channel 
enhancement mode devices in a single monolithic structure. Each 
consists of two 
identical, 
independent, internally 
synchronous 4- 
stage counters_ The counter stagesare type D flip-flops, 
with inter- 
changeable Clock and Enable lines for incrementing on either the 
positive-going or negative-going transition as required when cascad- 
ing multiple 
stages.Each counter can be cleared by applying a high 
level on the Reset line_ In addition, the MC14518B will count out of 
all undefined states within 
two clock periods. These complementary 
MaS 
up counters find primary use in multi-stage synchronous or 


ripple counting applications requiring low power dissipation and/or 
high noise immunity. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 
• 
Noise Immunity 
= 45% of VDD typical 
• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3_DVdc to 18 Vdc 
• 
Low Input Capacitance = 5_0pF typical 


• 
Internally Synchronous for High Internal and External Speeds 


• 
Logic Edge-Clocked Design - 
Incremented on Positive Transition 
of Clock or Negative Transition on Enable 


• 
6.0 MHz Counting Rate 
• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Voo 
-05to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to 
VOO 
+ 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
A L Device 
TA 
-55 
to +125 
°c 
CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65'0+150 
°c 


CLOCK 
ENABLE 
RESET 
ACTION 


.f" 
1 
0 
Increment 
Counter 


0 
""""'- 


0 
Increment 
Counter 
'- 


X 
0 
No 
Change 


X 
~ 
0 
No Change 
~ 
0 
0 
No Change 


1 
'- 
0 
No Change 


X 
X 
1 
ao 
thru 
Q3 - 
0 


MC14518B 
MC14520B 


DUAL 
BCD UP COUNTER 
(MC14518B) 


DUAL 
BINARY 
UP COUNTER 


(MC14520B) 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 648 


MC14XXXB ~SU~f;Xc.::;:t::Ck.9. 


L P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


This device contains circuitry 
to protect 
the 
inputs against damage due to high static volt- 
ages or electric fields: however, it is advised 
that 
normal 
precautions be 
taken 
to 
avoid 
application of any voltage higher than maxi· 
mum 
rated 
voltages to 
this high impedance 


circuit. For proper operation it is recommended 
that Vin and Vout be constrained to the range 
VSS'lO;(Vin or Vout) 
:Ii; VOO. 
Unused inputs 
must 
always 
be 
tied 
to 
an 
appropriate logic voltage level (e.g., either Vss 
or VOOI. 


Voo 
Tlow. 
250C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
MIx 
Min 
Typ 
Max 
Min 
MIx 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin"'OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage#: 
"0" Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVO 
= 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
IAL 
Device) 
JOH 
mAde 
IVOH = 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
IVOH • 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


IVOH' 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


IVOL 
= 0.4 Velci 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUep Device) 
IOH 
mAde 
IVOH • 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


IVOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
IVOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
- 
± 1.0 
/.lAde 


Input 
Current 
(CUep 
Device) 
lin 
15 
- 
±O.3 
- 
to.OOOO1 
± 0.3 
- 
± 1.0 
j.lAdc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
'7.5 
- 
- 
pF 


1Vin = 01 


Quiescent Current 
(AL Device) 
too 
5.0 
- 
5.0 
0.005 
5.0 
- 
150 
.uAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.Q15 
20 
- 
600 


Quiescent 
Current 
(CUep 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
.uAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply 
Current·· 
t 
IT 
5.0 
IT = 10.6 ~A/kHz) 
f + 100 I 
IJAdc 


(Dynamic 
plus Ouiescent, 
10 
IT = (1.2 ~A/kHzlt 
+ 100 I 


Per 
Package) 
15 
IT = (1.7 ~A/kHzl 
f + 100 


ICL 
= 50 pF on all outputs, all 


buffers switching) 


-Tlow:: 
-550C 
for AL Device, -40oC 
for CLlCP 
Device. 


Thigh:: 
+1250C 
for AL Device, +8SoC for CLlCP 
Device . 


.aNoise immunity 
specified for worst-case input combination. 
NOise Margin for both "1" and "0" level'" 1.0 Vdc min@ 
VDD 
:: 5.0 Vdc 


2.0 Vdc min @ VDD 
Z 10 Vdc 


2.5 Vdc min @ VDD 
'" 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


ITleL) 
• 'T150 pFI + 21x 10-3 (CL -501 VoOf 


where: IT is in IJA (per package), CL in pF. VOD 
in Vdc. and f in kHz is input frequency. 
--The 
formulas given are for the typical characteristics only at 250C. 


AIITypeo 


Cherecteriltic 
Symbol 
VOO 
Min 
Typ 
MIX 
Unit 


Output 
Rise Time 
tTLH 
nl 
tTLH 
'= (3.0 nl/pF) CL + 30 ns 
5.0 
- 
180 
360 
tTLHI: 
0.5 
ns/pF) CL + 15 ns 
10 
- 
90 
180 
tTLH 
= 11.1 nl/pF) CL + 10 ns 
15 
- 
65 
130 


OutPut 
Fall Time 
tTHL 
nl 
tTHL 
= (1.5 ns/pF) CL + 25 ns 
5.0 
- 
tOO 
200 
tTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
tTHL 
= 10.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay 
Time 
tPLH. 
nl 
Clock to Q/Enable to Q 
tpHL 
tPLH. tPHL • (1.7 nl/pF) CL + 215 ns 
5.0 
- 
280 
560 


tPLH. tpHL 
= (0.66 ns/pFI CL + 97 nl 
10 
- 
115 
230 
tPLH. tpHL 
= 10.5 nl/pF) CL + 75 ns 
15 
- 
80 
160 


Reset to a 
nl 
tpLH. tpHL = (1.7 ns/pF) CL + 265 nl 
5.0 
- 
330 
650 
tpLH. 
tpHL 
= (0.66 ns/pF) CL + 117 n, 
10 
- 
130 
230 
tPLH. tPHL = 10.66 ns/pF) CL + 95 ns 
15 
- 
90 
170 


Clock Pulse Width 
'WH 
5.0 
200 
100 
- 
nI 


'WL 
1,0 
100 
50 
- 
15 
70 
35 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
2.5 
1.5 
MHz 
10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 


Clock or Enable Rise and Fall Time 
tTHL. 
'TLH 
5.0 
- 
- 
15 
1" 
10 
- 
- 
15 
15 
- 
- 
15 


Enable Pulse Width 
'WHIE) 
5.0 
440 
220 
- 
nl 


10 
200 
100 
- 
15 
140 
70 
- 


Reset Pulse Width 
'WH(R) 
5.0' 
250 
125 
- 
n. 


10 
110 
55 
- 
15 
80 
40 
- 


Clock 


Enable 


A.set 


QO 


MC145188 
Ql 


Q2 


Q3 


QO 


Q, 
MC14520B 


Q2 


Q3 


, 
2 
3 
4 
5 
5 
7 
B 
9 1011 
1213 
1415 
16 
11 18 
- 
Il111-111-1.11l 11 
JS lJsLrJsLr - 


I 
2 
3 
4 
5 
6 
7 
B 
9 
o 
I 
2 
3 
4 
5 
6 
7 
B 
9 
0 
- 
r- 
r- 
- - - 
r- - L- 
- 
- - - 
'- 
f- 
- - '- 
-- 
- 
f-- 
-- 
-- 
-r- 
-f- 


-- 
- L- 
,l.. 2~ 
4":' 6 
7 
8 ~ 
'022. 12 '3 1415 
0 , 
2 
3 
4 
- 
r- 
r- L.- 
- 
- - 
r- 
f- - - - 
- 
- 
,-- 
-- 
-L.- 
-- 
- 
-- 
f- - 
t--'- 


@ MOTOROLA 


4-BIT AND/OR 
SELECTOR 
or 
QUAD 2-CHANNEL 
DATA 
SELECTOR 
or 
QUAD 
EXCLUSIVE 
"NOR" 
GATE 


The MC14619B is constructed with MOS P-channeland N-channel 


enhancement mode devices in a single monolithic 
structure. These 
complementary MOS logic gates find primary use where low power 
dissipation and/or high noise immunity is desired. 


This device exemplifies the design versatility 
of McMOS logic 


structure. This part provides three functions in one package;a 4-Bit 
AND/OR 
Selector, a Quad 2-Channel Data Selector, or a Quad Ex- 
clusive NOR Gate. 


• 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
0 iode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation - Positive or Negative 


• 
High Fanout> 
50 
• 
Input Impedance = 1012 ohms typical 


• 
Logic Swing Independent of Fanout 
• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 


ature Range 


• 
Plug-In Replacement 'for CD4019 in Most Applications 


MC14519B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Mo"m,r'""" 
0".0" 
e L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


CONTROL INPUTS 
OUTPUT 


A 
B 
Zn 


0 
0 
0 


0 
1 
Yn 


1 
0 
Xn 
1 
1 
Xn@ 
Yn 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Volta9#!. 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAdc 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


Voo 
Tlow . 
25°C 
Thi 
h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VDD 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin"'" 
Oar 
VDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage" 
"0" 
Level 
VIL 
Vdc 


{VO - 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
{VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(V 0 = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


IVO 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
IOH 
mAdc 
(V OH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


IV OH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


{VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH 
= 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


IVOH 
= 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


IVOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
± 0.1 
±O.OOOOI 
±0.1 
± 1.0 
/.lAde 


Input 
Current 
(CLlCP 
Devicel 
lin 
15 
- 
± 0.3 
- 
±O.OOOOI 
± 0.3 
- 
± 1.0 
/.lAdc 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vln = 0) 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
.uAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/.lAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current"" 
t 
IT 
5.0 
IT = (1.2 
~A/kHzl 
f + 100 
.uAdc 


(Dynamic 
plus 
Quiescenl. 
10 
IT = 12.4 ~A/kHzl 
f + 100 


Per Package) 
15 
IT = 13.6 ~A/kHzl 
f + 100 


(CL"" 
50 pF 
on all outputs, 
all 


buffers 
sWitching) 


Three·State 
Leakage 
Current 
ITL 
15 
- 
± 0.1 
- 
-0.00001 
± 0.1 
- 
±3.0 
/.lAdc 


(AL 
Device) 


Three·State 
Leakage 
Current 
ITL 
15 
- 
±1.0 
- 
-0.00001 
± 1.0 
- 
± 7.5 
/.lAde 


(CLlCP 
Device) 


"Tlow 
:: -550C 
for 
AL 
Device, 
-400C 
for CLlCP 
Device. 


Thigh:: 
+1250C 
for 
AL 
Device, 
+8SoC 
for 
CLlCP 
Device. 


J::Noise Immunity 
specified 
for worst-case 
input 
combination. 


NOise 
Margin 
for 
both 
"1" 
and "0" level 
"" 


1.0 Vdc 
min 
@ VDD 
:: 5.0 Vdc 
2.0 Vdc 
min 
@ VDD 
0:: 10 Vdc 


2.5 Vdc min@ VOO 
= 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 50 pF: 


ITICLI 
= IT(50 pFI + 4 x 10-3 (CL -501 VOOf 


where: 
IT 
is in.uA 
(per 
package). 
CL 
in pF. 
VDD 
in Vdc. 


and 
f in kHz 
is input 
frequency. 


""The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 25°C. 


Characteristic 
Symbol 
VOO 
Min 
Type 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pF I CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pFI 
CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pFI 
CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH. 
ns 


tPLH. tPHL 
= (1.7 ns/pF) CL + 165 hs 
tPHL 
5.0 
- 
250 
500 


tPLH. tpHL 
= (0.66 ns/pFI 
CL + 82 
10 
- 
115 
225 


tPLH. tPHL 
= 10.5 ns/pFI 
CL + 65 ns 
15 
- 
90 
165 


20 ns 
20 ns 


~ 


O% 
--' 
Voo 


Vin 


10% 
Vss 


50% 
Du tv 
Cvcle 


Data A 


Clock A 


Reset A 


r-------------------------------, 
I 
MC140158 
: 
Dual 4-Bit 
Register 


XO 
X, 
X2 
X3 
YO 
Yl 
Y2 


Control 
A 
A 
MC145198 


AND/OR 
Select/Exd 
NOR 


Control 
B 
8 
22 
23 
20 
21 


Invert 
,- 
-1 
I 
I MC14070B 
I 
I Quad 


I 
I Exclusive 
OR 
L __ 
--' 


00 
Q1 
02 
03 


\ 


V 
I 


OPERATION 
COOE 
OUTPUT 
FUNCTION 


A 
8 
INV 
00 
01 
02 
03 


0 
0 
0 
0 
0 
0 
0 
Inhibit, 
all zeros 


0 
0 
1 
1 
1 
, 
1 
Inhibit, 
all ones 


1 
0 
0 
XO 
Xl 
X2 
X3 
Control 
A 


1 
0 
1 
XO 
Xl 
X2 
X3 
Control 
A and Invert 


0 
1 
0 
YO 
Yl 
Y2 
Y3 
Control 
B 


0 
1 
1 
YO 
Yl 
Y2 
Y3 
Control 
8 and Invert 


1 
1 
0 
XO@YO 
X1@Y1 
X2@V2 
X3@Y3 
Exclusive 
NOR 


1 
1 
1 
XO (±) YO Xl@Vl 
X2(±)V2 
X3(±) 
Y3 
Exclusive 
OR 


Circuit 
diagrams utilizing 
Motorola 
products are Included 
as a means 
of 
illustrating 
typical 
semIconductor 
applications, 
consequently, 
complete 
informatIon 
sufficient 
for 
constructIon 
purposes 
is not 
necessarily given, 
The 
informatIon 
.has been carefully 
checked 
and 


Data 
B 


Clock 
8 


Reset B 


IS 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility 
is 
assumed for 
inaccuracies. 
Furthermore, 
such InformatIon 
does not 


convey 
to the purchaser of the semiconductor 
devices described any 


license under the patent 
rights of Motorola 
I nc. or others 


® MOTOROLA 


The MC14518B 
dual BCD counter 
and the MC14520B dual bi· 
nary counter 
are constructed 
with 
MOS P·channel and N-channel 
enhancement 
mode devices in a single monolithic 
structure. 
Each 
consists of two 
identical, 
independent, 
internally 
synchronous 4· 
stage counters. The counter stagesare type D flip-flops, 
with 
inter- 
changeable Clock and Enable lines for 
incrementing 
on either the 
positive-going or negative·going transition 
as required when cascad· 
ing multiple 
stages. Each counter can be cleared by applying a high 
level on the Reset line. In addition, the MC14518B will count out of 
all undefined states within 
two clock periods. These complementary 
MOS up counters find 
primary 
use in mu Iti-stage synchronous or 
ripple counting applications requiring low power dissipation and/or 
high noise immunity. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Low Input Capacitance = 5.0 pF typical 


• 
Internally Synchronous for High Internal and External Speeds 


• 
Logic Edge·Clocked Design - 
Incremented on Positive Transition 
of Clock or Negative Transition on Enable 


• 
6.0 MHz Counting Rate 


• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper· 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 
to +18 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.5 
to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range - 
A L Device 
TA 
-55 to +125 
°c 


CLlep 
Device 
-40 to +85 


Storage Temperature 
Range 
T 5t9 
-65 to +150 
°c 


CLOCK 
ENABLE 
RESET 
ACTION 
..r 
1 
0 
Increment 
Counter 


0 


""""- 


0 
Increment 
Counter 
""'- 


X 
0 
No Change 


X 
~ 
0 
No Change 
~ 
0 
0 
No 
Change 


1 
'- 
0 
No 
Change 


X 
X 
1 
00 thru 03" 
0 


MC14520B 


FOR 
COMPLETE 
DATA 
SEE MC145188 


DUAL 
BCD UP COUNTER 
(MC14518B) 
DUAL 
BINARY 
UP COUNTER 
(MC14520B) 


~r.f11i118 
JI,~~ 
~u 16~l~ ~~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MOO""" 1~SUffiX Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


ThiS device contains circuitry 
to 
protect 
the 
inputs against damage due to high static volt- 
ages or electric fields: however, 
it is advised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of any voltage higher than 
maxi- 
mum 
rated 
voltages to 
this 
high 
impedance 


circuit. For proper operation it is recommended 
that Vin and Vout be constrained to the range 


VSS" 
(Vin or Voutl" 
VOO' 
Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate logic voltage level (e.g., either VSS 
or VOOl. 


The MC14521B consists of a chain of 24 flip-flops with an input 
circuit 
that allows three modes of operation. The input will function 
as a crystal oscillator, an RC oscillator, or as an input buffer for an 
external 
oscillator. 
Each flip-flop 
divides 
the 
frequency 
of 
the 
previous flip-flop 
by two, consequently this part will 
count up to 
224 = 16,777,216. The count advanceson the negative going edge of 
the clock. The outputs of the last seven-stagesare available for added 
flexibility. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 
• 
f(maxl 
= 9.0 MHz typical 
@ VDD ~ 10V 


• 
All Stagesare Resettable 


• 
Reset Disables the RC Oscillator for Low Standby Power Drain 


• 
RC and Crystal Oscillator Outputs Are Capable of Driving 
External Loads 


• 
Test Mode to Reduce Test Time 


• 
VDD' 
and VSS' Pins Brought Out on Crystal Oscillator 
Inverter 
to Allow 
the Connection 
of External 
Resistors for 
Low-Power 


Operation 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


Rating 
Symbol 
Value 
Unit 


DC 
SupfJly 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltdge, 
All 
Inpuls 
V,n 
-0.5 
to VOO 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
-55 
to +125 
°c 


C LlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
T stg 
-65 to +150 
°c 


~sf1111118 
16~1~~~~U16"!fi1l~~~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;:e::;:t::Ckage 


L P 
Plastic Package 
A 
Extended 
Operating 
Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 


OUTPUT 
COUNT CAPACITY 


01B 
218 = 262,144 
019 
219 = 524.288 
020 
241) = 1,048.576 


021 
221 = 2.097,152 


022 
222 = 4,194,304 


023 
223 = 8.388,608 


024 
2]4 
= 16.777,216 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is advised 
that 


normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper 
operation it is recommended that Vin and Vout be constrained to the range Vss ~(Vin 
or Voutl ~ VOO' 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOO). 


Voo 
Tlow. 
2SoC 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
TVp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
Vao or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 
(VO " 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


.,," 
Level 
VIH 


(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
"1.7 
- 
-0.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
tOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
- 1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
DeVice) 
lin 
15 
- 
to.l 
to.OOOOl 
+0.1 
- 
+ 1.0 
IJ.Adc 


Input 
Current 
ICLlCP 
DeVice) 
lin 
15 
- 
± 0.3 
- 
iO.OOOOl 
t 0.3 
- 
± 1.0 
JJAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin = 01 


Ouiescent 
Current 
(AL 
DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
pAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUIescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
pAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current· 
• t 
IT 
5.0 
IT - (0.42 
.A/kHz) 
f • 
'DO 
}JAde 


(DynamiC plus 
Ouiescent, 
10 
IT 
(0.85 
.A/kHzl 
f + 100 


Per Package) 
15 
IT =11.4 
,uA/kHz) 
f + 100 


(CL 
50 
pF 
on all outputs, 
all 


buffers 
switching) 


-Tlow 
= -550C 
for 
AL 
Device, 
-40oC 
for 
CL/CP 
Device. 


Thigh 
= +1250C 
for 
AL 
Device, 
+850C 
for 
CL/CP 
Device 
. 


.c:Nolse Immunity 
spet:ified 
for 
worst·case 
input 
combination 


NOIse 
Margin 
for 
bOlh 
"1" 
and 
"0" 
level 
= 
1.0 
Vdc 
min@ 
VDO 
= 5.0 
Vdc 


2.0 
Vdc 
min 
@ VDD 
-0 
10 Vdc 


2.5 
Vdc 
min@ 
VDO 
'" 15 Vdc 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vdc 


Output 
Rise Time 
tTLH 
ns 
tTLH 
= 13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 
tTLH 
= 11.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTLH 
ns 
tTHL 
= 11.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
110 
tTHL 
= 10.55 ns/pF) CL + 12.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH, 
I" 
Clock to Q18 
tPHL 


tPHL, tpLH 
= 11.7 ns/pF) CL + 4415 ns 
5.0 
- 
4.5 
9.0 
tPHL, 
tpLH 
= 10.66 ns/pFI CL + 1667 ns 
10 
- 
1.7 
3.5 
tPHL, 
tPLH 
= 10.5 ns/pFI CL + 1275 ns 
15 
- 
1.3 
2.7 


Clock to 024 
~s 


tpHL, 
tpLH 
= 11.7 ns/pFI CL + 5915 ns 
5.0 
- 
6.0 
12 
tPHL, 
tPLH 
= 10.66 ns/pFJ CL + 2167 ns 
10 
- 
2.2 
4.5 
tPHL, 
tPHL 
= 10.5 ns/pFI CL + 1675 ns 
15 
- 
1.7 
3.5 


Propagation 
Delay Time 
tpHL 
ns 


Reset to Qn 


tPHL 
= (1.7 ns/pFJ CL + 1215 ns 
5.0 
- 
1300 
2600 
tpHL 
= 10.66 ns/pFI CL + 467 ns 
10 
- 
500 
1000 
tPHL 
= (0.5 ns/pFJ CL + 350 ns 
15 
- 
375 
750 


Clock Pulse Width 
tWH(eIJ 
5.0 
385 
140 
- 
ns 
10 
150 
55 
- 


15 
120 
40 
- 
Clock Pulse Frequency 
fel 
5.0 
- 
3.5 
2.0 
MHz 


10 
- 
9.0 
5.0 
15 
- 
12 
6.5 


--clOCk Rise and Fall Time 
-- 


tTLH, 
5.0 
- 
- 
15 
~s 


tTHL 
10 
- 
- 
15 
15 
- 
- 
15 


Reset Pulse Width 
tWH(RI 
5.0 
1400 
700 
- 
ns 


10 
600 
300 
- 


15 
450 
225 
- 


1 


f--20 
ns 
--j~ 
20 ns 


~ 


O% 
VDD 


V;n j'O% 
50%t 
0 V 


50% Duty 
Cycle 


50% 
,90%It 


°% 
J 


tPLH 


~tTLH 


500 kHz 
50 kHz 


CHARACTERISTIC 
CIRCUIT 
CIRCUIT 
UNIT 


Crystal 
Characteristics 
Resonant 
Frequency 
500 
50 
kHz 


Equivalent 
Resistance, 
AS 
1.0 
6.2 
kn 


External 
Resistor/Capacitor 
Values 


Ro 
47 
750 
kn 


CT 
82 
82 
pF 


Cs 
20 
20 
pF 


FreQuency 
Stability 
Frequency 
Change as a Function 


of Voa 
(T A = 2S0C) 


VOO 
Change from 
5.0 V to 10 V 
+6.0 
+2.0 
ppm 


VOO 
Change from 
10 V to 15 V 
+2.0 
+2.0 
ppm 


Frequency 
Change as a Function 


of Temperature 
(VOO 
= 10 V) 
T A Change from 
-5SoC 
to +2Soc 


Me 14521 
only 
-4.0 
-2.0 
ppm 
Complete 
Oscillator· 
+100 
+120 
ppm 


TA 
Change 
from 
+2SoC 
to +12S0C 
Me 14521 
only 
-2.0 
-2.0 
ppm 


Complete 
Oscillator· 
-160 
-560 
ppm 


50 


" 
~ 


20 
~ 10 
8 
5.0 
~ 
lasafunction 
~ 
of C 
a 
2.0 
IATC" 56 "'I 
•...j 
1.0 
IAS" 
120 k) 


~ 05 


0.2 


O'\Ok 


00001 


fasafunction 


of Rre 
(C" 1000 pF) 
(AS ~ 2ATC) 


RTe = 56 kH, J--RS 
=0, 
I = 10.15 
kHz@Voa= 
10 V, TA = 25°C 


-16 
C=1000pF 
)---RS"'120kH,I=7.8kHz@VOO=10V,TA"250C 


-55 
-25 
a 
25 
50 
75 
100 
125 


T A, AMBIENT 
TEMPERATURE 
(OCI, DEVICE 
ONLY 


10 k 
fOO k 
ATC. AESISTANCE (OHMS) 
0.001 
0.01 


C. CAPACITANCE "FI 


1 
f;:- 
__ 
2.3 
ATe 
C 


AS 
;lr;2 ATe 


INPUTS 
OUTPUTS 
COMMENTS 


Reset 
In 2 
Out 2 
VSS 
Voo' 
Qt8tITuQ24 Counter 
is in three 8·stage 


1 
0 
0 
VOO 
Gnd 
0 
sections in parallel 
mode 


Counter 
is reset. In 2 and 
A test function 
(see Figure 8) has been in· 
Out 2 are connected 
together 


eluded for the reduction of test time required to 
0 
1 
1 
First "0" 
to "1" 
transition 


exercise all 24 counter stages.This test function 
on In 2, Out 2 node. 


divides the counter into three 8-stage sections, 
0 
0 
255 "0" to .,," 
transitions 
and 255 counts are loaded in each of the 8-stage 
1 
1 
are docked into this In 2, 
- 
- 
Out 2 node. 


sections in parallel. All flip-flops 
are now at a 
- 
- 


logic ",", 
The counter is now returned to the 
- 
- 


normal 24-stages in series configuration. 
One 
1 
1 
1 
The 255th 
"0" 
to ." •. 


more pulse is entered into Input 2 (In 2) which 
transition. 


0 
0 
1 
will 
cauSe the counter to ripple 
from 
an all 
0 
0 
Gnd 
1 


"1" state to an all "0" state. 
Counter 
converted 
back to 
1 
0 
Voo 
1 
24-stages in series mode. 


1 
j 


1 
Out 2 converts back to an 
output. 


Counter 
ripples from 
an 


0 
0 
all "'" 
state to an all 


"0" 
stage. 


® MOTOROLA 


The MC14522B BCD counter and the MC14526B binary counter 
are constructed with 
MOS P-channel and N-channel enhancement 
mode devices in a single monolithic structure. 
These devices are programmable, caseadabledown counters with 


a decoded "0" 
state output 
for divide-by·N applications. In single 


stage applications the "0" 
output 
is applied to the Preset Enable 


input. 
The 
Caseade Feedback input 
allows caseade divide-by-N 


operation with no additional gatesrequired. The Clock Inhibit input 
allows disabling of the pulse counting function. 
These complementary 
MOS counters can be used in frequency 


synthesizers, phase-locked loops, and other frequency division appli- 
cations requiring low power dissipation and/or 
high noise immunity. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to lB Vdc 


• 
Internally Synchronous for High Internal and External Speeds. 


• 
Logic Edge-Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition of Clock Inhibit 


• 
5.0 MHz Counting Rate 


• 
Asynchronous PresetEnable 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


MAXIMUM 
RATINGS 
(Voltages referenced to vssl 


Rating 
Symbol 
Value 
Unit 


DC SupplV 
VOltage 
VOO 
-0.5 to +'8 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating Temperature Range - AL Device 
TA 
-55 to +125 
°c 


C LlCP 
Device 
" 
-40 to +85 


Storage Temperature Range 
Tstg 
-65 to +150 
°c 


TRUTH TABLES 


BOTH TYPES 


Preset 
Master 


Clock 
Inhibit 
Enable 
Reset 
Action 
0 
0 
0 
0 
No COUtU 


J 
0 
0 
0 
Coynt·1 


X 
1 
0 
0 
No Count 
1 '- 


0 
0 
Count·' 


X 
X 
1 
0 
Preset 


X 
X 
X 
1 
Aeset 


Output 


Coent 
03 
02 
a' 
00 


9 
1 
0 
0 
1 


8 
1 
0 
0 
0 


7 
0 
1 
1 
1 


6 
0 
1 
1 
0 
5 
0 
1 
0 
1 
• 
0 
1 
0 
0 
3 
0 
0 
1 
1 
2 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 


Output 
Count 
03 
02 
a' 
00 


" 
1 
1 
1 
1 
,. 
1 
1 
1 
0 


13 
1 
1 
0 
1 
12 
1 
1 
0 
0 
11 
1 
0 
1 
1 


10 
1 
0 
1 
0 


9 
1 
0 
0 
1 
8 
1 
0 
0 
0 


7 
0 
1 
1 
1 


6 
0 
1 
1 
0 
• 
0 
1 
0 
1 
. 
0 
1 
0 
0 
3 
0 
0 
1 
1 
2 
0 
0 
1 
0 
, 
0 
0 
0 
1 
0 
0 
0 
0 
0 


MC14522B 
MC14526B 


PROGRAMMABLE 
DIVIDE-BY-N 


4-BIT COUNTERS 


BCD - MC14522B 


Binary - MC14526B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


."om 1l;SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


This 
device contains 
circuitry 
to 
protect 


the inputs against damage due to high static 
voltages or 
electric 
fields; 
hOVolE!ver,it 
is 


advised that 
normal 
precautions 
be taken 
to avoid application 
of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS '" 
(Vin 
or 


Vou,l 
<; VOO· 


Unused inputs must always be tied to an 
appropriate 
logic VOltage level (e.g., either 
VSS or VOOI. 


Voo 
Tlow . 
2SoC 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage" 
"0" Level 
VIL 
Vdc 


1VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


IVO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


1VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO = 15 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL 
Device) 
IOH 
mAde 


IVOH = 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


IVOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


IVOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


IVOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


IVOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUep 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


1VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


IVOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current lAL Device) 
lin 
15 
- 
± 0.1 
- 
±0.00001 
±O.l 
- 
± 1.0 
,u.Adc 


Input 
Current 
(CUep Device) 
lin 
15 
- 
± 0.3 
- 
±D.OOOOI 
± 0.3 
- 
± 1.0 
/JAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IVin = 0) 


Quiescent 
Current 
IAL 
Devicel 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(CLlC? 
Device) 
'00 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current··t 
IT 
5.0 
'T = 
11.7 ~A/kHz) 
f + 100 
,uAde 


(Dynamic 
plus 
Ouiescent, 
10 
IT = 
13.4 
~A/kHz) 
f + 100 
Per Package) 
15 
IT = 
15.1 
,uA/kHzl 
f + 100 
(CL :: 50 pF on all outputs, all 
buffers switchingl 


-Tlow'" 
-55°C 
for AL Device. -40°C 
for CLlC? 
Device. 
Thigh'" 
+1250C 
for AL Device, +850C 
for CLlC? 
Device. 
FNoise immunity 
spet:ified for worst·case input combination 


Noise Margin for both "1" and "0" 
level'" 
1.0 Vdc min@VOO 
'" 5.0 Vdc 
2.0 Vdc min@ 
VOO 
: 10 Vdc 


2.5 Vdc min@ 
VOO 
'" 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


ITICLI 
= ITI50 pF) + 1 x 10-3 
ICL -501 VOOf 
where: 
IT is in J,J.A(per package), CL in pF, VOO 
in Vdc. and f in kHz is input frequency. 


- -The 
formulas given are for the typical characteristics only at 2SoC. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
~ 13.0ns/pFI 
CL +30ns 
5.0 
- 
180 
360 


tTLH 
~ 11.5 ns/pFI 
CL + 15 ns 
10 
- 
90 
180 


tTLH 
~ 11.1oI1s/pFICL + 9.5 ns 
15 
- 
65 
130 


uutput 
Fall Time 
tTHL 
ns 


tTHL 
~ 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
~ 10.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
~ 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
8D 


Propagation Delay Time 
tPLH. 
ns 


Q Outputs 
tpHL 
tPLH. tpHL 
~ 11.7 ns/pF) CL + 465 ns 
5.0 
- 
550 
1100 


tPLH. tpHL 
~ 10.66 ns/pFI CL + 197 ns 
10 
- 
225 
450 


tpLH. 
tPHL ~ 10.5 ns/pFI CL + 135 ns 
15 
- 
160 
320 


"0" Output 
tPLH. tPHL ~ 11.7 ns/pFI CL + 155 ns 
5.0 
- 
240 
480 


tpLH. 
tPHL ~ (0.66 ns/pFI CL + 87 ns 
10 
- 
130 
260 


tpLH. 
tpHL 
~ (0.5 ns/pF) CL + 65 ns 
15 
- 
100 
200 


Minimum 
Clock Pulse Width 
'WH(ell 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 
15 
80 
40 
- 


Maximum 
Clock Pulse Frequency 
lei 
5.0 
- 
2.0 
1.5 
MHz 


10 
- 
5.0 
3.0 
15 
- 
6.6 
4.0 


Maximum 
Clock or Inhibit 
Rise and Fall Time 
tTLH. 
5.0 
- 
- 
15 
,.. 


tTHL 
10 
- 
- 
15 
15 
- 
- 
15 


Hold Time 
th 
5.0 
150 
75 
- 
ns 


10 
50 
25 
- 
15 
40 
20 
- 


Minimum 
Preset Enable Pulse Width 
tWHIPEI 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 
15 
80 
40 
- 


Minimum 
Master Reset Pulse Width 
tWH(RI 
5.0 
350 
175 
- 
ns 


10 
250 
125 
- 


15 
200 
100 
- 


01 


02 


03 


Inhibit 


C 
"0" ~ 


VSS 


00 


01 


02 


03 


Inhibit 


C 
"0" 


VSS 


~..1t 
90% 


10% 
i{20n. 


~L 


CHARACTERISTIC 
TEST 
NO. 
CLOCK 
INHIBIT 
PE 
MR 
°pn 
CF 
OUTPUT 


'TLH. 
'THL 
1 
PG1 
VSS 
VSS 
VSS 
Vss 
VSS 
Q1 
2 
VOO 
PG1 
VSS 
Vss 
VSS 
Vss 
Q1 
3 
VSS 
VSS 
PG1 
VSS 
PG2 
VSS 
Qn 
4 
VSS 
VSS 
VOO 
PG1 
VOO 
Vss 
Qn 
5 
VSS 
VSS 
VOO 
VSS 
PG1 
VSS 
Qn 


'WHIRl 
4 
VSS 
VSS 
VOO 
PG1 
VOO 
VSS 
Qn 


'WHIPEI 
3 
VSS 
VSS 
PG1 
VSS 
PG2 
VSS 
Qn 


'WHlell 
1 
PG1 
VSS 
VSS 
VSS 
Vss 
VSS 
Q1 


lei 
1 
PG1 
VSS 
VSS 
VSS 
VSS 
Vss 
Q1 


th 
3 
VSS 
VSS 
PG1 
VSS 
PG2 
VSS 
Qn 


tTLH. 
tTHL 
6 
VSS 
VSS 
Vss 
Voo 
VSS 
PG1 
"0" 


tPLH,tpHL 
7 
PG 
VSS 
Fig 48 
VSS 
Fig 48 
VOO 
"0" 


FIGURE 6 - 
MC14522B 
LOGIC DIAGRAM 
(BCD Divide-by-N 
Counter) 


opO 
00 
Op, 
01 
0P2 
Q2 


Clock 


MR 


Clock 


MR 


00 
01 
02 
03 


PE 


CF 
M.S.D. 


MR 
MC145228 
"0" 


MC145268 


L.S.D. 


MC145228 
MC145268 


04 
A' 
02 
03 
04 


PE 


CF 
M $.0. 
"0" 
MC14522B 
"0" 


MC145268 


From 
To 
Range of N 
Stage 
Pin 
tage 
Pin 


LSD 
"0" 
All 
PE 
LSD <; N <; MSD 


N 
"0" 
N-l 
CF 
LSD+l<;N<; 
MSD 


N 
"U3" 
N+l 
C 
LSD <;N<;MSD-l 


From 
To 
Range of N 
Stage 
Pin 
Stage 
Pin 


LSD 
"0" 
All 
PE 
LSD <; N <; MSD 


N 
"0" 
N-l 
CF 
LSD+l<;N<; 
MSD 


N 
"(h" 
N+l 
C 
LSD<;N<;MSD-l 


@ MOTOROLA 


The MCM 14524 is a complementary 
MaS mask programmable 
Read Only Memory (ROM). This device is ordered as a factory spe- 
cial with its unique pattern specified by the user. 
This ROM is organized in a 256 x 4-bit pattern. The contents of 


a specified address 
« 
AD, A1, A2, A3, A4, A5, A6, A7 » 
will 


appear at the four 
data outputs 
(BO, B1, B2, B3) following 
the 
negative going edge of the clock. When the clock goeshigh, the data 
present at the output will be latched. The memory Enable may be 
taken low asynchronously, forcing the data outputs low and reset- 
ting the ou·tput latches. This device finds application wherever low 
power 
or 
high 
noise 
immunity 
is 
a 
design 
consideration. 


• 
Diode Protection on All Inputs 
• 
Noise Immunity 
= 45% of VDD typical 


• 
Quiescent Current - 
10 nA/package typical 
@ 5 Vdc 
• 
Single Supply Operatioh - 
Either Positive or Negative. 


• 
Memory Enable Allo"!s Expansion 


• 
Output Latches Provide a Useful Storage Register 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL 
Load to Two HTL Loads Over the Rated Temper- 
ature Range 


MCM14524 


1024-BIT 
(256 X 4) 


READ ONLY 
MEMORY 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXX 
~SU~f;Xce::;:t::Ck.ge 


L P 
Plastic 
Package 


A 
EX.tended 
Operating 


Temperature 
Range 


C 
LImited 
Operating 


Temperature 
Range 
• 
Memory 
Address 


Matrix 
Decoder 
A3 
(1 of 8) 
(32 x 8) 


Address 


(32 
x 8) 
Decoder 
1 of 32 
(1 of 8) 
Address 


Decoder 
Address 


(32 x 8) 
Decoder 
(1 of 8) 


Address 
(32 
x 8) 
Decoder 
(1 of 8) 


This 
device 
contains 
circuitry 
to protect 
the 


inputs 
against damage due to high static voltages 


or 
electric 
fields; 
however, 
it 
is advised 
that 
normal 
precautions 
be taken 
to 
avoid 
applica- 


tions 
of any voltage 
higher 
than maximum 
rated 


voltages 
to this high impedance 
circuit. 


Unused 
inputs 
must 
always 
be 
tied 
to 
an 
appropriate 
logic 
voltage 
level 
(e.g., either 
Vss 


or VDDI. 


Ratmg 
Symbol 
Value 
Unit 


DC Supply 
Vollage 
VOO 
-05 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-0 5 to VDD 
+ 05 
Vdc 


DC Current 
Dram 
per Pm 
, 
10 
mAdc 


Operating 
Temperature 
Range 
AL 
DeVice 
TA 
-55 
to 
t 125 
°c 


C LlCP 
DeVice 
-40 
to +85 


Storage 
Temperature 
Range 
'stg 
-65 
to +150 
°c 


Voo 
Tlow " 
25°C 
Thigh" 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Ou tpu I Vol tage 
"0" 
Level 
VOL 
5.0 
- 
0.01 
- 
0 
0.01 
- 
0.05 
Vdc 


10 
- 
0.01 
- 
0 
0.01 
0.05 


15 
- 
0.0; 
0 
0.01 
0.05 


"1" 
Level 
VOH 
5.0 
4.99 
- 
4.99 
5.0 
- 
4.95 
- 
Vdc 


10 
9.99 
- 
9.99 
10 
9.95 


15 
14.99 
- 
14.99 
15 
- 
14.95 
- 


Noise 
Immunity 
11 
VNl 
Vdc 
, Vout 
0.8 Vdc) 
5.0 
1.5 
1.5 
2.25 
- 
1.4 


( ,Vou't 
' 
1.0 Vdc) 
10 
3.0 
3.0 
4.50 
- 
2.9 
(IVout' 
1.5 Vdc) 
15 
3.75 
- 
3.75 
6.75 
- 
3.75 
I Vout 
.•.••0.8 Vdc) 
VNH 
5.0 
1.4 
1.5 
2.25 
1.5 
- 
Vdc 


I Vout· 
1.0 Vdcl 
10 
2.9 
3.0 
4.50 
- 
3.0 


('V 
out· 
1.5 Vdcl 
15 
3.65 
3.75 
6.75 
3.75 
- 


Output 
Drive Current 
(AL 
Device) 
'OH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.2 
··1.0 
-1.7 
- 
-0.7 
- 


IVOH 
4.6 Vdcl 
50 
-0.25 
-0.2 
-0.36 
-014 
- 


(VOH 
= 9.5 Vdcl 
10 
-0.62 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH 
= 13.5 Vdcl 
15 
-1.8 
-1.5 
-3.5 
-1.1 
- 


(VOL 
= D.4 Vdcl 
Smk 
'Ol 
5.0 
0.64 
0.51 
0.88 
0.36 
- 
mAdc 


(VOL 
= 0.5 Vdcl 
10 
1.6 
1.3 
2.25 
- 
0.9 


(VOL 
= 1.5Vdcl 
15 
4.2 
3.4 
8.8 
- 
2.4 
- 


Output 
Dflve 
Current 
(Cl/CP 
Device) 
'OH 
mAdc 
(VOH 
,., 2.5 Vdcl 
Source 
5.0 
-1.0 
-0.8 
-1.7 
-06 


(VOH 
= 4.6 Vdc) 
5.0 
-0.2 
-0.16 
-0.36 
- 
-012 
- 


(VOH 
= 9.5 Vdcl 
10 
-0.5 
-0.4 
-0.9 
-0.3 
- 


(VOH 
= 13.5 Vdcl 
15 
-1 4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
'Ol 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Device) 
lin 
15 
- 
'01 
- 
'0.00001 
·D.l 
11.0 
~Adc 


Input 
Current 
(Cl/CP 
Device) 
lin 
15 
.1.0 
- 
·0.00001 
'1.0 
·1.0 
,uAdc 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
- 
- 
- 
pF 


(V in = 0) 


Ouiescent 
Current 
(AL 
Device) 
)00 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
~Adc 


(per Package) 
10 
- 
10 
- 
0.020 
10 
- 
30D 
15 
- 
20 
- 
0.030 
20 
- 
60D 


Ouiescent 
Current 
(Cl/CP 
Devicel 
'DO 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
~Adc 


(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 


15 
- 
200 
- 
0.030 
200 
- 
150D 


Total 
Supply 
Current· 
* t 
IT 
5.0 
'T = 11.6~A/kHz) f + )00 
JJAdc 


(Dynamic 
plus Ouiescent, 
10 
'T = 13.2~A/kHz) f + (DO 


Per Packagel 
15 
'T = 14.8~A/kHzl I + (DO 


(Cl 
= 50 pF on all outputs, 
all 


buffers 
switching) 


*Trow 
= -5SoC 
for AL 
Device, 
-400C 
for CL!CP 
Device. 


Thigh"" 
-t1250C 
for AL 
Device. 
+850C 
for CL!CP 
Device. 


"Noise 
immunity 
specified 
for worst-case 
input 
combination. 


tTo 
calculate 
total 
supply 
current 
at loads other 
than 50 pF: 


'T1Cl) • 'T(50 pFI + 1 , 10-3 ICl -501 VOOI 


where: 
IT is in jJA (per package), 
CL in pF, VDD 
in Vdc, 
and f in kHz is input 
frequency. 


·*The 
formulas 
given are for the typical 
characteristics 
only 
at 2SoC. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mox 
Unit 


Output Rise Time 
tTLH 
n. 


tTLH, 
tTHL = (3.0 n.!pF) 
CL + 30 n. 
5.0 
- 
180 
360 


tTLH, 
tTHL = (1.5 n.!pF) 
CL + 15 n. 
10 
- 
90 
180 


tTLH, 
tTHL = (1.1 n.!pF) 
CL + 10 n. 
15 
- 
65 
130 . 


Output 
Fall Time 
tTHL 
n. 
tTLH, 
tTHL = (1.5 n.!pF) 
CL + 25 n. 
5.0 
- 
100 
200 


tTLH, 
tTHL = (0.75 n.!pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTLH, 
tTHL = (0.55 ns!pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Clock Read Access Deley Time 
taccc 
n. 
tacec 
= (1.7 n.!pF) 
CL + 1265 ns 
5.0 
- 
1350 
4000 


taceC = (0.66 ns!pF) 
CL + 517 ns 
10 
- 
550 
1600 


taee,", = (0.5 ns!pF) 
CL + 325 ns 
15 
- 
350 
1200 
Enable Access Delay Time 
taccEn 
ns 
taceEn 
= (1.7 ns!pF) 
CL + 160 ns 
5.0 
- 
245 
615 


taceEn 
= (0.66 ns!pF) 
CL + 77 ns 
10 
- 
110 
265 


taceEn 
= (0.5 ns!pF) 
CL + 50 ns 
15 
- 
75 
190 


Clock Pulse Width- 
tWH 
5.0 
450 
150 
- 
ns 


10 
165 
55 
- 


15 
125 
35 
- 


tWL 
5.0 
3600 
1200 
- 
ns 


10 
1425 
475 
- 


15 
1070 
300 
- 
Maximum 
low 
Clock Pulse Width # 
tWL 
5.0 
2.0 
10 
- 
ms 


10 
0.9 
3.0 
- 


15 
0.1 
0.3 
- 
Address Setup-Time 
tsu(AI 
5.0 
0 
0 
- 
ns 


10 
0 
0 
- 
15 
0 
0 
- 
Address Hold Time 
th(A) 
5.0 
0 
0 
- 
n. 


10 
0 
0 
- 


15 
0 
0 
- 
Clock to Enable Setup Time 
tsu(cl) 
5.0 
4275 
1425 
- 
n. 


10 
1725 
575 
- 


15 
1295 
400 
- 


Clock to Enable Hold Time 
thlcll 
5.0 
150 
0 
- 
n. 
10 
75 
0 
- 


15 
55 
0 
- 


-The clock can remain high indefinitely 
with the data remaining latched. 
#If clock stays low too long, the dynamically stored data will leak off and will have to be recalled. 


Notes' 


1. Source current, address ROM to obtaIn a "1" 


on all four outputs 
(BO thru 
B31- 


2. Sink current. address ROM to obtain a "0" 


on ell four outputs 
(BO thru 
B3). 
. 


Note: 


Address 
ROM to obtain 
level change when 
clocking 
any one address line. 


a) Using Clock to 


Read Memory 
Address 


Input 


• Data 
outputs 
always 
go to the 
logic 
"". 
state 
before 
the 
data 
is valid 
between 
accessing 
successive 
"O's" 


• ·Outputs 
forced 
to "0" 
by 
Enable. 
~~~':: 
.•;=_~ A_d_d_,_••_._v_a_n_d 
~ 


Address Inputs: 


Words are numbered 0 through 255 and are addressed using 
sequential addressing of Address leadsAO through A7 with AO 
asthe least significant digit. 
Logic "0" 
is defined asa "low" 
Address input (VI LI. 


Logic "1" 
is defined asa "high" 
Address input (VI HI. 


~s 
WORD 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AQ 


Word 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Word 
1 
0 
0 
0 
0 
0 
0 
0 
1 
Word 
2 
0 
0 
0 
0 
0 
0 
1 
0 
Word 
3 
0 
0 
0 
0 
0 
0 
1 
1 


Word 
255 
1 
1 
1 
1 
1 
1 
1 
1 


CLOCK 
ENABLE 
BO 
I 
Bl 
I 
B2 
I 
B3 


VOO ---...... 


VSS 
1 
< Add: ••• ) I <Ad:'''' 
> I< Ad:,,,,) 
I <Add: 
••• > 


VSS~ 
VOO 
1 
OUTPUT 
DATA 
LATCHES 


X 
0 
0 
I 
0 
I 
0 
I 
0 


BINARY 
TO HEXA- 


DECIMAL 
CON- 
VERSION 
TABLE 


BINARY 
WORD 
CARD 
ESIRED 
CHARACTER 


0 0 o 
0 
0 
0 
0 o , 
1 
0 
0 
1 0 
2 


0 
0 
1 
1 
3 


0 , o 0 
4 
0 , o , 
5 


0 
1 
1 0 
6 


0 
1 
1 
1 
7 
, 0 
00 
8 


1 
0 o 
1 
9 
, 0 
1 0 
A 


1 
0 
1 
1 
B 


1 
1 
0 
0 
C 


1 
1 0 
1 
D 


1 
1 , 0 
E 
, 
1 
1 
1 
F 


A binary coded decimal equivalent of each desired output 
may 
be punched in standard computer 
cards (four cards are required 
for all 256 vvords) in numerical (word number) order. 
64 words 
per card are punched in columns 12 thru 75 using the Binary to 
Hexadecimal conversion table. 
Columns 77 and 78 are used 
to number the cards, which 
must be in numerical order. 
Please 
use characters asshown in the table when punching computer 
cards. 


SAMPLE 
WORD 
ADDR 
ESS INPVTS 
OUTPUTS 
WORD 
CARD 
NUMBER 
A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 
B3 
B2 
Bl 
80 
CHARACTER 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
0 
0 
0 
0 
0 
0 
0 
, 
0 
0 
, 
1 
3 


2 
0 
0 
0 
0 
0 
0 
, 
0 
0 
0 
, 
1 
3 


3 
0 
0 
0 
0 
0 
0 
1 
, 
0 
0 
0 
0 
0 


255 
1 
, 
1 
1 
, 
, 
, 
1 
1 
0 
1 
0 
A 


} 


Shown 
in columns 


12 
- 
15 on C8rd 
below 


Card 
WORD 
NUMBER 
NO., 


012 
J 4 
561.91011 
12 13 14 151611 
II 
19 XI 21 12 23 24 25 26 U 28 29 30 31 n lJ)6 
35 36 JI 
JI 
39 40 
.'4243 
U 
4S 46.1 
41 ~9 !IO5152 
53 ~ 
55 Sli 51 !l8 ~ 
60 'I 
6263 
01 


1 ••••• 
10 •• 0100111111111111111111111111111111111111111111111111111111111111101000 
I llt'l 
1'1"1111IJH"'II"I"RJlnnMnftl'nn."UU~U.».nM41UU~a 
•• ,.u~ilU"WU~iIY~U'I"~~U"'IH"N'llln"Dnll~~. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 


22222222222222222222222222222222222222222222222222222222222222222222222222222222 


3 3 3 3 3 3 33 3 3 3 3113 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 


44444444444444444444444444444444444444444444444444444444444444444444444444444444 


55555555555555555555555555555555555555555555555555555555555555555555555555555555 


U u, u U U 6 U 6 6 66 U 6 666666 
66 6 6 & 66 66 & 66 & 6 & & & & 6 66 & 66 6 & 66 & & & 6 & & & & & & & & & & & & & & & & & & 6 & & 


11111111111111111111111111111111111111111111111111111111111111111111111111111111 


111111111111111111111111111111111 
111111111111111111111 
111111 111111 II 11111 1111111 


'9"""'99999999999999999999999999999999999999999999999999999999999999999999999 
I )J.",.t"llllll"~'11111~nJ,»nMnnllnn.UUU~~~I'."U.IUU"4i.""UYiIUUW»Mi'U"WII"11UU~llr'""'llln"~NI'~~. 


GLOIlE 
NO.1 
STANDARD 
FOR" 
50'" 


WORD 
C 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


For customers who do not have access to punch cards, Motorola 
will accept 
Truth 
Tables. When filling out the table, use the 0 to F 
hexidecimal character in column "C". 


WORD 
C 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


73 


74 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 


100 


101 


WORD 
C 


102 


103 


104 


105 


106 


107 


108 


109 


110 


111 


112 


113 


114 


115 


116 


117 


118 


119 


120 


121 


122 


123 


124 


125 


126 


127 


128 


129 


130 


131 


132 


133 


134 


135 


136 


137 


138 


139 


140 


141 


142 


143 


144 


145 


146 


147 


148 


149 


150 


151 


152 


WORD 
C 


153 


154 


155 


156 


157 


158 


159 


160 


161 


162 


163 


164 


165 


166 


167 


168 


169 


170 


171 


172 


173 


174 


175 


176 


177 


178 


179 


180 


181 


182 


183 


184 


185 


186 


187 


188 


189 


190 


191 


192 


193 


194 


195 


196 


197 


198 


199 


200 


201 


202 


203 


WORD 
C 


204 


205 


206 


207 


208 


209 


210 


211 


212 


213 


214 


215 


216 


217 


218 


219 


220 


221 


222 


223 


224 


225 


226 


227 


228 


229 


230 


231 


232 


233 


234 


235 


236 


237 


238 


239 


240 


241 


242 


243 


244 


245 


246 


247 


248 


249 


250 


251 


252 


253 


254 


255 


® MOTOROI.A 


The MC14522B 
BCD counter and the MC14526B 
binary counter 
are constructed 
with 
MaS 
P-channel and N-channel enhancement 
mode devices in a single monolithic 
structure. 
These devices are programmable, 
cascadable down counters with 
a decoded "0" 
state output 
for divide-by-N 
applications. 
In single 
stage applications 
the "0" 
output 
is applied to the Preset Enable 
input. 
The 
Cascade Feedback 
input 
allows 
cascade divide-by-N 
operation 
with 
no additional 
gates required. The Clock Inhibit 
input 
allows disabling of the pulse counting function. 


These complementary 
MaS 
counters can be used in frequency 
synthesizers, phase-locked loops, and other frequency division appli- 
cations requiring 
low power dissipation and/or 
high noise immunity. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Internally 
Synchronous for High Internal and External Speeds. 


• 
Logic Edge-Clocked Design - 
Incremented on Positive Transition 
of Clock or Negative Transition 
of Clock Inhibit 


• 
5.0 MHz Counting 
Rate 


• 
Asynchronous 
Preset Enable 


• 
Capable of Driving Two 
Low-power 
TTL 
Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
Voo 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
,0 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
-55 to +125 
°c 
C LlCP 
Device 
-40 '0 +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


TRUTH 
TABLES 


BOTH TYPES 


Preset 
Master 


Clock 
Inhibit 
Enable 
RUllt 
Action 


0 
0 
0 
0 
No 
Count 
...r 
0 
0 
0 
Count-l 


X 
, 
0 
0 
No 
Count 
, 
\.. 
0 
0 
Count-l 


X 
X 
1 
0 
Preset 


X 
X 
X 
, 
AeMt 


Output 


Count 
Q3 
02 
01 
00 


9 
I 
0 
0 
I 
• 
I 
0 
0 
0 
7 
0 
I 
I 
1 
• 
0 
1 
1 
0 
• 
0 
1 
0 
1 
4 
0 
I 
0 
0 
3 
0 
0 
I 
I 
2 
0 
0 
, 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 


Output 
Count 
Q3 
02 
01 
00 
15 
, 
1 
1 
I 
,. 
I 
1 
1 
0 
13 
I 
1 
0 
1 
12 
1 
1 
0 
0 
11 
I 
0 
1 
1 
10 
I 
0 
1 
0 
9 
1 
0 
0 
I 
• 
I 
0 
0 
0 
7 
0 
1 
I 
1 
• 
0 
1 
1 
0 
• 
0 
1 
0 
1 
4 
0 
1 
0 
0 
3 
0 
0 
I 
1 
2 
0 
0 
I 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 


MC14526B 


FOR COMPLETE 
DATA 
SEE MC14522B 


PROGRAMMABLE 
DIVIDE-BY·N 
4-BIT 
COUNTERS 


BCD - MC14522B 
Binary - MC14526B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


.","n'1~SU1fi)( Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 
A 
Extended 
Operating 
Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 


This 
device contains circuitry 
to 
protect 
the inputs against damagedue to high static 
voltages or electric 
fields; 
however, it 
is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. 
For proper operation it 
is recommended that 
Vin 
and 
Vout 
be 
constrained to 
the 
range VSS " 
(Vin 
or 
Vou') 
•• VOO' 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or VOOI. 


The MC14527B BCD rate multiplier 
(DRMl provides an output 
pulse rate based upon the BCD input number. For example, if 6 is 
the BCD input number, there will be six output pulsesfor every ten 
input pulses. This part may be used for arithmetic operations includ· 
ing multiplication 
and division. Typical applications include digital 


filters, motor speedcontrol and frequency synthesizers. 


• 
Ouiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Low Input Capacitance - 5.0 pF typical 


• 
Internally Synchronous for High Speed 


• 
Output Clocked on the Negative Going Edgeof Clock 


• 
Strobe for Inhibiting or Enabling Outputs 


• 
Enable and Cascade Inputs for 
Cascade Operation 
of Two or 
More DRMs 


• 
"9" 
Output 
for the Parallel Enable Configuration 
and DRMs in 


Cascade 


• 
Complementary Outputs 


• 
Clear and Set to Nine Inputs 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 


C LlCP 
Device 
-40 
to +85 


Stori.lge 
Temperature 
Range 
Tstg 
-65 to +150 
°c 
• 


OUTPUT 


LOGIC 
LEVEL 


INPUTS 
NUMBER 
OF 
PULSES 


No. 
of 


0 
C 
B 
A 
Clock 
Pulses 
Ein 
STROBE 
CASCADE 
CLEAR 
SET 
OUT 
OUT 
Eout 
"9" 


0 
0 
0 
0 
'0 
0 
0 
0 
0 
0 
0 
1 
, 
1 


0 
0 
0 
1 
10 
0 
0 
0 
0 
0 
, 
, 
, 
1 


0 
0 , 
0 
10 
0 
0 
0 
0 
0 
2 
2 
, 
, 
0 
0 , , 
'0 
0 
0 
0 
0 
0 
3 
3 
1 
1 
0 , 
0 
0 
'0 
0 
0 
0 
0 
0 
4 
4 
, 
1 
0 
1 
0 , 
10 
0 
0 
0 
0 
0 
5 
5 
, 
1 
0 
1 , 
0 
'0 
0 
0 
0 
0 
0 
6 
6 
, 
1 


0 , , , 
'0 
0 
0 
0 
0 
0 
7 
7 
, 
1 
, 
0 
0 
0 
'0 
0 
0 
0 
0 
0 
8 
8 
, 
, 
, 
0 
0 , 
'0 
0 
0 
0 
0 
0 
9 
9 
, 
1 
, 
0 , 
0 
'0 
0 
0 
0 
0 
0 
8 
8 
, 
, 
, 
0 , , 
10 
0 
0 
0 
0 
0 
9 
9 
1 
, 
, , 
0 
0 
'0 
0 
0 
0 
0 
0 
8 
8 
1 
, 
, , 
0 , 
'0 
0 
0 
0 
0 
0 
9 
9 
1 
, 
, 
1 , 
0 
'0 
0 
0 
0 
0 
0 
8 
8 
, 
1 
, , , 
1 
'0 
0 
0 
0 
0 
0 
9 
9 
, 
1 


X 
X 
X 
X 
10 
, 
0 
0 
0 
0 


X 
X 
X 
X 
'0 
0 
1 
0 
0 
0 
0 
1 
, 
1 


X 
X 
X 
X 
'0 
0 
0 
, 
0 
0 
1 
0 
, 
1 
, 
X 
X 
X 
10 
0 
0 
0 
, 
0 
10 
'0 
1 
0 


0 
X 
X 
X 
'0 
0 
0 
0 
, 
0 
0 
1 
I 
0 


X 
X 
X 
X 
10 
0 
0 
0 
0 
1 
0 
1 
0 
1 


Jfffhl _ 


16 


L SUFFIX 
1 
CERAMIC 
PACKAGE 


CASE 
620 
P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


MC14XXXB 
l;SUffiX 
Denotes 


~ 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


4 


12 
Case 
Eout 


" 
Ein 


Rate Input 
9 
Clock 
Out 


10 
ST 


C 


A 


Out 
6 
15 
B 


Mult;p';e, 
~ 
C 


D 
"9" 


Clear 


13 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
VOltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin",VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
'"'a or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 


(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
IOH 
mAde 
IVOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
IVGH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Orive 
Current 
(CUe? 
Device) 
IOH 
mAde 
IVOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
IVOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
- 
± 0.1 
- 
±O.OOOOI 
±O.l 
- 
± 1.0 
/JAde 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
± 0.3 
- 
± 1.0 
IJ.Adc 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
== 0) 


Quiescent Current (AL 
DeVIce) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
J,lAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent Current 
(CUe? 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
}JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 
Total 
Supply 
Current- 
*t 
IT 
5.0 
IT = 10.85 .A/kHzl 
1+ 
100 
J.IAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT =(1.75 
.A/kHzl 
f + 100 


Per Package) 
15 
IT = 12.6 
/JA/kHz) 
f + 100 


(CL 
== 50 pF on all outputs, all 


buffers sWitching) 


-Tlow 
:= -550C 
for AL Device, -40oC 
for CLlCP 
Device. 
Thigh 
:= +1250C for AL Device, +850C for CLlCP 
Device. 


~Noise immunity 
spec.;ifiedfor worst·case input combination. 


NOiseMargin for both "1" and "0" 
level 
:= 1.0 Vdc min@ VDO 
:= 5.0 Vdc 
2.0 Vdc min @VOO 
:= 10 Vdc 
2.5 Vdc min@VOD 
"" 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


ITleLI 
= IT(50 pFI 
+ 1.2 
x 10-3 (CL -501 VOOI 
where: IT is in JJA(per package), CL in pF, VOO in Vdc. and f in kHz is input frequency. 
- -The formulas given are for the typical characteristics only at 250C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= (3.0 ns/pFI 
CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= (1.5 ns/pFI 
CL + 15 ns 
10 
- 
90 
180 


tTLH 
= (1.1 ns/pFI 
CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL 
= (1.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= (0.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPHL. 
ns 


Clock 
to Out 
tpHL 


tPLH. 
tpHL 
= 11.7 ns/pFI 
CL + 115 ns 
5.0 
- 
200 
400 


tPLH. 
tpHL 
= 10.66 ns/pFI 
CL + 67 ns 
10 
- 
100 
200 


tpLH. 
tPHL 
= (0.5 ns/pF) 
CL + 45 ns 
15 
- 
70 
140 


Clock to Out 
tPLH. 
ns 


tpLH. 
tpHL 
= (1.7 ns/pF) 
CL + 40 ns 
tpHL 
5.0 
- 
125 
250 


tpLH. 
tpHL 
= 10.66 ns/pF) 
CL + 32 ns 
10 
- 
65 
130 


tPLH. 
tPHL 
= (0.5 ns/pFI 
CL + 20 ns 
15 
- 
45 
90 


Clock to Eout 
tpLH. 
ns 


tPLH. 
tpHL 
= (1.7 ns/pFI 
CL + 210 ns 
tpHL 
5.0 
- 
295 
590 


tPLH. 
tPHL 
= (0.66 ns/pFI 
CL + 97 ns 
10 
- 
130 
260 


tPLH. 
tpHL 
= 10.5 ns/pF) 
CL + 60 ns 
15 
- 
85 
170 


Clock to "9" 
tpLH. 
ns 


tPLH. 
tpHL 
= 11.7 ns/pF) 
CL + 315 ns 
tpHL 
5.0 
- 
400 
800 


tPLH. 
tPHL 
= 10.66 ns/pF) 
CL + 122 ns 
10 
- 
155 
310 


tpLH. 
tpHL 
= (0.5 ns/pFI 
CL + 85 ns 
15 
- 
110 
220 


Set or Clear to Out 
tpHL 
ns 


.tPHL 
= 11.7 ns/pFI 
CL + 295 ns 
5.0 
- 
38ll 
760 


tpHL 
= 10.66 ns/pF) 
CL + 132 ns 
10 
- 
165 
330 


tPHL 
= 10.5 ns/pFI 
CL + 85 ns 
15 
- 
110 
220 


Cascade to Ou t 
tpLH 
ns 


'PHL 
= (1.7 ns/pFI 
CL +40 
ns 
5.0 
- 
125 
250 


'PHL 
= (0.66 ns/pFI 
CL + 32 ns 
10 
- 
65 
130 
'pHL 
= 10.5 ns/pFI 
CL + 20 ns 
15 
- 
45 
90 


Strobe to Out 
tpLH 
ns 
tPHL 
= (1.7 ns/pFI 
CL + 145 ns 
5.0 
- 
230 
260 
'pHL 
= (0.66 ns/pFI 
CL + 72 ns 
10 
- 
105 
210 


'pHL 
= (0.5 ns/pFI 
CL + 45 ns 
15 
- 
70 
140 


Clock Pulse Width 
tWH 
5.0 
500 
250 
- 
ns 


10 
200 
110 
- 


15 
150 
80 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
2.0 
1.2 
MHz 


10 
- 
4.5 
2.5 
15 
- 
6.0 
3.5 


Clock Pulse Rise and Fall Time 
'TLH. 
5.0 
- 
- 
15 
I's 


tTHL 
10 
- 
- 
15 
15 
- 
- 
15 


Set or Clear Pulse Width 
tWH 
5.0 
240 
80 
- 
ns 


10 
100 
35 
- 


15 
75 
30 
- 


Set Removal Time 
trem 
5.0 
0 
-20 
- 
ns 


10 
0 
-10 
- 


15 
0 
-7.5 
- 


Enable In Setup Time 
tsu 
5.0 
400 
175 
- 
ns 


10 
150 
60 
- 


15 
120 
45 


5 
Case Eout 


Ein 


rrrf 


012345678901234 


Clock rtn.nMIUlMIlflI 


Qa~ 


Qb~ 


Qc~ 


Qd~ 


R'~ 


R2~ 


R3~ 


R4~ 


B Enabled ~ 


C Enabled ~ 


D Enabled JlIU11U1JlIUUUU 
I 


Eout 
!J 


Output 
(Pin 6) ~ 
(Preset 
No. 
of 
1) 


(Preset 
No. 
of 21 ~ 
I 


(Preset 
No. 
of 3) ~ 
(Preset 
No. 
of 4) -lULJLJL.JUL 
I 
(Preset 
No. of 5) ~ 
I 


(Preset 
No. 
of 6) -.IUUL.JlruLJUU 


I 
(Preset 
No. 
of 7) ~ 


(Preset 
No. 
of 8) J1IlJlJUUU1JLJu 
, 


(Preset 
No. 
0191 JUlJUUUUUULJUUU 
I 
I 


A 


BOut 


C 
o 
<D Eout 
Clock 


Case 


A 


B 


C 


D 
® Eout 
Clock 


Ein 
ST 
Clear 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means 


of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


Note: 
More than two 
MC14527Bs 


may 
be cascaded 
using this 
configuration. 


7 
One of four 
output 
pulses contributed 
by DAM ® 
to 
output 
for every 100 clock 
pulses in for preset No. of 94. 


is believed 
to 
be entirely 
reliable. 
However, 
no responsibility 
is 


assumed for 
inaccuracies. 
Furthermore, 
such information 
dOBSnot 
convey 
to the purchaser 
of the semiconductor 
devices described 
any 


license under the patent 
rightfi of Motorola 
Inc. or others. 


® MOTOROLA 


The MC 145288 
is a dual, retriggerable, resettable monostable 
multivibrator. 
It may be triggered from either edge of an input pulse, 


and will 
produce an accurate output 
pulse over a wide range of 
widths, 
the duration 
and accuracy of which are determined by the 
external timing components, Cx and RX. 


• 
Separate Reset Available 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Diode Protection on All Inputs 


• 
Triggerable from Leading or Trailing Edge Pulse 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 


ature Range 
• 
See MC145388 Data Sheet for Applications 
Requiring 
PreciseControl of Output PulseWidth 


MAXIMUM 
RA TI NGS (Voltagesreferencedto Vss I 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Voo 
-05 
to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-05 
to VOO+ 0.5 
Vdc 


DC 
Current 
Dram 
per 
Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL DevIce 
TA 
-55 to +125 
°c 


C LlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


Voo 
•~ 
Ax:: 
eX 
, 
.- 
.--~~-, 
, 
" 
I 


T2 \t Tl 


MC14528B 


DUAL 
RETRIGGERABLE/RESETT 
ABL E 
MONOSTABLE 
MUL TIVIBRATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


.c,,,,",r,.".. 
0 •• ,., 


t= 
L 
Ceramic 
Package 


P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


RX and eX 
are external 
components. 


VOO"" 
Pin 
16 


VSS = Pin 8 


Voo 
Tlow. 
250C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or YOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 
(VO - 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO '9.0 
or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO' 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO: 
0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO: 
1.00,9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO: 
1.50' 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH 
= 13.5 Vdc) 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdc) 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dnve 
Current 
CCL/CP 
DeVice) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
± 0.1 
- 
±0.00001 
±O 1 
- 
± 1.0 
).lAde 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
± 0.3 
- 
±OOOOOI 
±0.3 
- 
i 1.0 
/JAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
'" 0) 


Quiescent Current 
IAL 
Device) 
'DO 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


• -Total 
Supply Current at an external 
IT 
- 
'TICL. 
CX) = [(CL + 0.36CxIVOOf 
+ 2xl0-8 
RXCxIVOO-212t) 
x 10-3 


load Capacitance 
(CL) and at 
where: 
IT in JjA (per circuit), 
CL and eX in pF, RX in megohms. 


external timing capacitance (Cx), 
VDD 
in Vdc. f in kHz is input frequencY. 


use the formula 
- 


·Tlow'" 
-55°C 
for AL Device. -40oC 
for CLlCP 
Device. 
Thigh::: +1250C 
for AL Device, +850C 
for CLlCP 
Device. 
#Noise immunity 
specified for worst-case input combination. 


NOIse Margin for both" 
1" and "0" 
level = 1.0 Vdc min @ VDO 
:::5.0 Vdc 


2.0 Vdc min @ VDO 
= 10 Vdc 
2.5 Vdc min@ 
VOO 
= 15 Vdc 


"The 
formulas given are for the typical characteristics only at 25°C. 


.' 
Cx 
RX 
VOO 
Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
pF 
kn 
Vdc 


Output 
Rise Time 
tTLH 
- 
- 
ns 
tTLH = (3.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 
tTLH = (1.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 
tTLH = (1.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
'THL 
- 
- 
ns 
tTHL = (1.5 os/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL = (0.75 os/pF) CL + 12.5 os 
10 
- 
50 
100 
tTHL = (0.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Turn-Off, 
Turn-On 
Delay Time 
AorBtoQorQ 
tPLH, 
15 
5.0 
os 
tPLH, tPHL = 0.7 
ns/pF) CL + 240 os 
tpHL 
5.0 
- 
325 
650 
tpLH, 
tpHL • (0.66 os/pFI CL + 87 ns 
10 
- 
120 
240 
tPLH, tpHL • (0.5 ns/pF) CL + 65 os 
15 
- 
90 
180 


Turn-Off, 
Turn·On 
Delay Time - 
A or B to a or Q 
tPLH, 
1000 
10 
ns 


tpLH, 
tpHL • 11.7 os/pF) CL + 620 os 
tPHL 
5.0 
- 
705 
- 


tpLH, 
tPHL = (0.66 ns/pFI CL + 257 ns 
10 
- 
290 
- 
tpLH, 
tPHL • (0.5 ns/pFI CL + 185 os 
15 
- 
210 
- 


Minimum 
Input Pulse Width - 
A or B 
tWH 
15 
5.0 
5.0 
- 
70 
150 
ns 


10 
- 
30 
75 
15 
- 
30 
55 


tWL 
1000 
10 
5.0 
70 
os 
10 
- 
30 
- 
15 
- 
30 
- 


Output 
Pulse Width - a or 0. 
tw 
15 
5.0 
5.0 
- 
550 
- 
os 
(For eX < 0.01 ~F usegraph for appropriate V DO leveL) 
10 
- 
350 
- 


15 
- 
300 
- 


Output 
Pulse Width - 
Q or Q 
tw 
10,000 
10 
5.0 
- 
30 
±15 
I's 
(For eX > 0.01 jJF use formula: 
10 
- 
50 
<40 
tw 
= 0.2 RX Cx Lo [VOD - 
VSS) It 
15 
- 
55 
<40 


Pulse Width Match between Circuits in the same package 
tl 
. t2 
10,000 
10 
5.0 
- 
6.0 
25 
% 


10 
- 
8.0 
35 
15 
- 
8.0 
35 


Reset Propagation Delay - Co to Q or Q 
tPLH, 
15 
5.0 
5.0 
- 
325 
600 
ns 
tpHL 
10 
- 
90 
225 
15 
- 
60 
170 


1000 
10 
5.0 
- 
1000 
- 
ns 
10 
- 
300 
- 


15 
- 
250 
- 


Minimum 
Retrigger Time 
t" 
15 
5.0 
5.0 
- 
0 
- 
os 


10 
- 
0 
- 
15 
- 
0 
- 


1000 
10 
5.0 
- 
0 
- 
ns 


10 
- 
0 
- 


15 
- 
0 
- 


Min 


External Timing 
Resistance 
RX 
- 
- 
- 
5.0 
1000 
1000 
kn 


External Timing Capacitance 
Cx 
- 
- 
- 
No Limits 
I'F 


S 
Q 


CLI 
20 ns 


CD 
0 


A' 
Q' 
CL 
I 


S' 
0' 
CL 1: 
Vin 


CD 
C 
LI 


VSS 


RX 


Cx 


Tl 
T2 


A 


S 


CD 


A' 


S' 


CD' 


·CX=15pF 


·CL"'15pF 
RX=5.0kn 


CL 1: 


CL I - 


CL:I 
-= 


CL I - 


CHARACTERISTICS 
Co 
A 
B 


tPLH,tPHL. 
tTLH, 
tTHL 


VDD 
PGl 
VDD 
'W 


tPLH,tpHL. 
tTLH, 
tTHL 


VDD 
VSS 
PG2 
'w 


tPLHfA),tPHL(Rl. 
tw 
PG3 
PG1 
PG2 


NOTE. 
AC 
test 
waveforms 
for PG 1, PG2, 
and PG3 
on 


nex t page 


I 
I 
I 
I 
- 
FOR ALL 
VALUES 
bF VOD 3 V TO 18 V 
./ 


./ 


--- 
--- 
..,/": 


/' 
+- 1-- 


V- 
I 
./ 
: 
I 


~ 
1.10 
" 
~ 
1.05 


=> 


~ 
1.0 


~ 
0.95 


o 
:z 0.90 


0.85 


-6D 
-4D 
-ID 
D 
lD 
4D 
60 
80 
100 
110 
140 


lA. 
AMBIENT 
TEMPERATURE 
(OC) 
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The MC14529B analog data selector is a dual 4-channel or single 
8-channel device depending on the input coding. The device is suit- 
able for digital as well as analog application, 
including various one- 
of-four 
and one·of-eight data selector functions. Since the device has 
bidirectional 
analog characteristics 
it can also be used as a dual 
binary to 1-of-4 or a binary to 1-of-8 decoder. 


• 
Data Paths Are Bidirectional 


• 
Quiescent Current = 1.0 nAlpackage typical 
@ 5.0 Vdc 


• 
1a-MHz Operation (typical) 


• 
3-State Outputs 


• 
Linear "On" 
Resistance 


• 
"On" 
Resistance 120 Ohms typical 
@ 15 V 


• 
Low Noise - 
12 nVIy Cycle, f;;' 
1 kHz typical 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
VOltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CUe? 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


STX 
STy 
B 
A 
Z 
W 


1 
, 
a 
a 
XO 
YO 
, 
, 
0 
1 
Xl 
Y' 
, 
, 
, 
a 
Xl 
Yl 
1 
, 
1 
, 
X3 
Y3 
, 
a 
a 
0 
XO 
1 
0 
a 
, 
x, 
, 
a 
, 
a 
Xl 
1 
0 
, 
1 
X3 
a 
, 
a 
a 
YO 
a 
, 
a 
, 
Y' 
a 
1 
1 
a 
Yl 
a 
, 
, 
1 
Y3 


a 
a 
<I> 
<I> 
High 
Impedance 


Single a-Channel 
Mode 
1 Output 


<Z and W tied 
together) 


This device contains circuitry 
to protect the oootrol inputs against damage due to 
high static voltages or electric fields; however, 
it is advised that normal 
precautions 
be taken to avoid application 
of any voltage higher than maximum rated voltages 
to this high-impedance circuit. 
A destructive high-current mode may occur if Vin 
or Vout is not constrained to the range Vss ~Vin 
or Vout ~ VOO. 


I 


MC14529B 


DUAL~CHANNELANALOG 


DATA 
SELECTOR 
OR 
8-CHANNEL 
ANALOG 


DATA 
SELECTOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


.""", 
11SUffiX 
Oenote, 


L 
Ceramic 
Package 


P 
Plastic Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Tlow. 
250e 
Thigh- 


Characteristic 
Figure 
Symbol 
Vss 
VOO 
Unit 
Vdc 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 


Output 
Voltage "0" Level 
1 
VOL 
0.0 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin-VOOorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"," 
Level 
VOH 
0.0 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


Vin ""Oor VOO 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage # 
"0" Level 
2 
VIL 
0.0 
Vdc 


(VO - 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO= 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO - 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


(VO = 0.5 or 4.5 Vdc) 
"1" 
Level 
VIH 
0.0 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO· 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va - 1.5 or 13.5 Vdc) 
15 
11 
- 
11 
8.25 
- 
11 
- 


Input Current 
(AL Device) Control 
lin 
0.0 
15 
- 
±O.' 
- 
to.OOOOl 
±O., 
- 
t1.0 
~Adc 


Input Current 
(CL/CP 
Device) Control 
lin 
0.0 
15 
- 
to.3 
- 
to.OOOOl 
to.3 
- 
tl.0 
IJAdc 


Input Capacitance (Vin - 01 
Cin 
0.0 
pF 


Control 
- 
- 
- 
- 
5.0 
7.5 
- 
- 


Switch 
Input 
- 
- 
- 
- 
8.0 
- 
- 
- 


Switch Output 
- 
- 
- 
- 
20 
- 
- 
- 


Feed Through 
- 
- 
- 
- 
0.3 
- 
- 
- 


'Ouiescent 
Current 
(AL 'Device) 
3 
100 
- 
5.0 
- 
1.0 
- 
0.001 
1.0 
- 
60 
~Adc 


(Per Package) 
10 
- 
1.0 
- 
0.002 
1.0 
- 
60 
15 
- 
2.0 
- 
0.003 
2.0 
- 
120 


Ouiescent Curreot 
(CL/CP 
Device) 
3 
100 
- 
5.0 
- 
5.0 
- 
0.001 
5.0 
- 
70 
~Adc 


(Per Packagel 
10 
- 
5.0 
- 
0.002 
5.0 
- 
70 
15 
- 
10 
- 
0.003 
10 
- 
140 


"ON" 
Resistance tAL 
Device) 
4,5,6 
RON 
Ohms 


(Ve· 
VOO, RL· 
10 knl 
(Vin = +5.0 Vdc) 
-5.0 
5.0 
- 
400 
- 
200 
480 
- 
640 


IVin • -5.0 
Vdc) 
- 
400 
- 
200 
480 
- 
640 


(Vin - to.25 
Vdc) 
- 
400 
- 
190 
480 
- 
640 


(Vin = +7.5 Vdcl 
-7.5 
7.5 
- 
240 
- 
160 
270 
- 
400 


(Vin = -7.5 
Vdcl 
- 
240 
- 
160 
270 
- 
400 


1Vin = to.25 
Vdcl 
- 
240 
- 
120 
270 
- 
400 


(Vin = +10 Vdcl 
0 
10 
- 
400 
- 
180 
480 
- 
640 


(,vin = +0.25 Vdcl 
- 
400 
- 
180 
480 
- 
640 


(Vin • +5.6 Vdc) 
- 
400 
- 
220 
480 
- 
640 


(Vin = +15 Vdc) 
0 
15 
- 
250 
- 
180 
270 
- 
400 


(Vin = +0.25 Vdc) 
- 
250 
- 
180 
270 
- 
400 


(Vin = +9.3 Vdc) 
- 
250 
- 
215 
270 
- 
400 


"ON" 
Resistance (CL/CP 
Device) 
4,5,6 
RON 
Ohms 


(Ve-Voo,RL=10kn) 
IVin = +5.0 Vdc) 
-5.0 
5.0 
- 
410 
- 
200 
480 
- 
560 


(Vin • -5.0 
Vdc) 
- 
410 
-- 
200 
480 
- 
560 


1Vin • +0.25 Vdc) 
- 
410 
- 
190 
480 
- 
560 


(Vin - +7.5 Vdc) 
-7.5 
7.5 
- 
250 
- 
160 
270 
- 
350 


(Vin = -7.5 
Vdcl 
- 
250 
- 
160 
270 
- 
350 


(Vin - to.25 
Vdcl 
- 
250 
- 
120 
270 
- 
350 


(Vin = +10 Vdcl 
0 
10 
- 
410 
- 
180 
480 
- 
560 


(Vin - +0.25 Vdcl 
- 
410 
- 
180 
480 
- 
560 


(Vin = +5.6 Vdcl 
- 
410 
- 
220 
480 
- 
560 


(Vin - +15 Vdc) 
0 
15 
- 
250 
- 
180 
270 
- 
350 
(Vin = +0.25 Vdc) 
- 
250 
- 
180 
270 
- 
350 


(Vin - +9.3 Vdcl 
- 
250 
- 
215 
270 
- 
350 


A "ON" 
Resistance 
- 
ARON 
Ohms 


Between anv 2 circuits in a common 
package 
(Vin = '5.0 
Vdc) 
-5.0 
5.0 
- 
- 
- 
15 
- 
- 
- 


(Vin - '7.5 
Vdc) 
-7.5 
7.5 
- 
- 
- 
10 
- 
- 
- 


·Tlow 
= -550C 
for AL Device, -400C 
for CL/CP 
Device 


·Thiph 
~ +'25~C 
for ~~ 
Device, +850C f~r CL/CP aevic~. 
#Nolse Immunity 
specified for worst· 
case 
mput combination. 
Noise Margin for both "1" and "0" 
level '" 1.0 Vdc min @ VaD 
""5.0 Vdc 
2.0 Vdc min @ VOO = 10 Vdc 
2.5 Vdc min @ VOO - 15 Vdc 


Typical 
Maximum 


Characteristic 
Figure 
Symbol 
Vss 
VOO 
All Typos 
Al Device 
CL/CP Device 
Unit 


Vin to Vout Propagation Delay Time 
7 
tpLH,tpHL 
0.0 
5.0 
20 
40 
60 
ns 
(CL = 50 pF, RL = 1,0 kil) 
10 
10 
20 
30 
15 
8.0 
15 
25 


Propagation Delay Time, Control to 
8 
tPHL,tpLH 
0.0 
5.0 
200 
400 
600 
ns 


Output, 
Vin = VOO or VSS 
to 
80 
160 
240 
(Vin 
0;; 10 Vdc, CL : 50 pF, 
15 
50 
120 
180 
RL = 1.0 kil) 


Crosstalk, Control to Output 
9 
- 
0.0 
5.0 
5.0 
- 
- 
mV 
(CL = 50 pF, RL: 
1.0 kil I 
10 
5.0 
- 
- 


Rout: 
10 knl 
15 
5.0 
- 
- 


Maximum 
Control 
Input 
10 
0.0 
5.0 
5.0 
MHz 
Pulse Frequency 
10 
10 
- 
- 


(CL = 50 pF, RL : 1.0 kil ) 
15 
12 
- 
- 


Noise Voltage 
11,12 
- 
0.0 
5.0 
24. 
- 
- 
nV/,Jr5jcle 


II=looHz) 
10 
25 
- 
- 


15 
30 
- 
- 


(I: 
100 kHz) 
5.0 
12 
- 
- 


10 
12 
- 
- 


15 
15 
- 
- 


Sine Wave (Distortion) 
- 
- 
% 
(Vin: 
1.77 Vdc RMS 
-5.0 
5.0 
0.36 
- 
- 


Centered @ 0.0 Vdc, 
RL = 10 kil, I = 1.0 kHzl 


Input/Output 
Leakage Current 
- 
- 
nA 


(Vin - +5.0 Vdc. Vout = -5.0 
Vdc) 
-5.0 
5,0 
±0.001 
.125 
'125 
(Vin = -5.0 Vdc. Vout = +5.0 Vdc) 
-5.0 
5.0 
±0.001 
'125 
.125 
(Vin:: 
+7.5 Vdc, Vout:: 
-7.5 Vdc) 
-7.5 
7.5 
±0.0015 
.250 
±250 
(Vin = ·7.5 Vdc. Vout 
= +7.5 Vdc) 
-7.5 
7.5 
.0.0015 
.250 
.250 


Insertion Loss 
- 
dB 
(Vin = 1.77 Vdc 
-5.0 
5.0 
RMS centered @ 0.0 Vdc, 
1'1.0 
MHz, 


Iloss c 20 Lagl0 
Vout 


Vin 
(RL = 1.0 kill 
2.0 
- 
- 


(RL = 10 kil) 
0.8 
- 
- 


(RL: 
100 knl 
0.25 
- 
- 
(RL' 
1.0 Mnl 
0.01 
- 
- 


Bandwidth 
(-3 dB I 
- 
BW 
-5.0 
5.0 
MHz 
(Vin 
= 1.77 Vdc 


RMS centered @ 0.0 Vdcl 
(RL = 1.0knl 
35 
- 
- 


(RL = 10knl 
28 
- 
- 


(RL = 100 kil) 
27 
- 
- 


(RL = 1.0 Mil) 
26 
- 
- 


Feedthrough 
and Crosstalk 
- 
- 
-5.0 
5.0 
kHz 
(20 L0910 Vout = -50 dB) 
Vin 


1Rl = 1.0 knl 
850 
- 
- 


(RL' 
10 knl 
100 
- 
- 
(Rl- 
100 knl 
12 
- 
- 


(RL = 1.0 Mnl 
1.5 
- 
- 


fl 


U' 
VOH 


VSS 
V 
VOO 


VOL 


VSS"'" 
0.0 
V 
Vln 
':'" 


VNL 
= VN 
when 
IS = 10,IJ.A 


VNH"" 
VOO-VN 
when 
IS= 
10,IJ.A 


.Pins 2,3.4,12,13 
and 14 are left open. 


18 


u 


t 


AL 


VSS 
VOO 


150 
! 


100 


w 
uz 
150 
~ 
~ 
Z 
100 


f'z~ 
50 


- 
--. 
VOO ~ 5 V f-- 
,,./ 
Vss 
: -5V 


/"' 
"- 


./ """ 


VOO: 
7.5 V 
..•..• 
VSS 
:-7.5V 


....•....,/ 


150 
!200 


uz 
150 
'"to 
~ 
~ 


100 


z~ 
50 


----- 
- 


VOO~1DV 
..••.•..V 
VSS 
:OV 
/" 
.....•.. 
./ 
""'" 


VOO: 
15 V 


Vss 
: 0 V 


"'" 7 


Quan-Tech 
Model 
2283 
or Equiv 


_______ 
A 


01.---+2.5 
Vdc 


Vin 
0.0 Vdc 
V--2.5 
Vdc 
X,V 
Input 


30 


~ 


25 


~ 
20 


'"~ 
15 


'">~ 
10 
~ 
'"z 
5.0 


0 
10 
100 
1.0 k 
10 k 
100 k 


f. FREQUENCY 
(Hzl 


2.0 


~ 
§ 
-2.0 


z 
-4.0 
0i-6.0 
~~ -8.0 
0:~ 


-10 


A~ ,I,l ~UI!"d101 kb 


- 
- 


=F= 
= 
- 


-I- 


'~k~ 
~ 
1.0kf! 
""'~ 
-I- 


-3.0 dB IAl-1.0Mnr~ 


-I- 


-3:0 d·BIA·L;·i6 kf!) 


-3.0 dB IAl' 
1.0 kf! 


- 
- 


- 
- 


- 
1.0 M 


fin. INPUT 
FREQUENCY 
(Hz) 


XO 


Xl 


Z 


4 
X2 


LOGIC DIAGRAM 


X3 


14 


YO 


13 
Y1 


12 


Y2 
VOO 
= Pin 16 


VSS = Pin 8 


11 


Y3 


® MbTOROLA 


The MC14530B dual five·input 
majority 
logic gate is constructed 


with P·channel and N·channel enhancement mode devices in a single 
monolithic structure. Combinational and sequential logic expressions 
are easily implemented with the majority 
logic gate, often resulting 
in fewer components than obtainable with the more basic gates.This 
device can also provide numerous logic functions by using the Wand 
some of the logic (A thru 
E) inputs as control 
inputs. 


• 
Single Supply Operation - Positive or Negative 


• 
Quiescent Current = 0.5 nA/package typical 
@ 5 Vdc 


• 
Input Impedance = 1012 ohms typical 


• 
High Fanout> 
50 


• 
Diode Protection on Inputs 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper· 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Voo 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 05 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°c 


INPUTS 
A 
B C 0 
E 
W 
Z 
For all combinations 
of inputs where three 
0 
1 
or more inputs are logical "0". 
1 
0 


For all combinations 
of inputs where three 
0 
0 


or more 
inputs are logical" 
1" 
1 
1 


This device contains 
circuitry 
to protect the inputs against damage due to high 
static voltages or electric fields; hO\Never, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high-impedance circuit. 
For proper operation, 
it is recommended that Vin 
and Vout be constrained to the range VSS to; (Vin or Vout) 
to; VOD' 
Unused inputs must be tied to an appropriate logic level (e.g., VSS or VOOI. 


MC14530B 


DUAL 5-INPUT 
MAJORITY 
LOGIC GATE 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


.""m 1~SUffiX Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Z = MS 0 
W = (ABC+ABD+ABE+ACD+ 
ACE+ADE+BCD+BCE+ 
BDE+CDEl0w 


·MS 
is a logical 
"1" 
if any three 
or more 
inputs 
are logical 
"1". 


G> == 
Exclusi .•••e NOR 
== 
Exclusive 
OR 


MS 
W 
Z 


0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
1 
1 


Voo 
Tlow . 
250C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Ou tpu t Vol tage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VOoorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 
•., •• Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vi" 
= 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 


IVO· 
3.5 or 1.5 Vdc) 
5.0 
- 
1.2 
- 
2.25 
1.25 
- 
1.15 


(Va' 
1.0 or 3.0 Vdc) 
10 
- 
2.5 
- 
4.50 
2.5 
- 
2.4 


IVo' 
10.5 or 4.5 Vdc) 
15 
- 
3.0 
- 
6.75 
3.0 
- 
2.9 


"'" 
Level 
VIH 


IVO· 
1.5 or 3.5 Vdc) 
5.0 
3.85 
- 
3.15 
2.75 
- 
3.75 
- 
Vdc 
IVO = 3.0 or 1.0 Vdc) 
10 
1.6 
- 
7.5 
5.50 
- 
1.5 
- 
(Va 
= 4.5 or 10.5 Vdc) 
15 
12.1 
- 
12 
8.25 
- 
12 
- 


Output 
Drive Current CAL 
Device) 
IOH 
mAde 
IVOH ·2.5 
Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


IVOH ·4.6 
Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


IVOH ·9.5 
Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


IVOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
taL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
IVOL • 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (CLlCP Device) 
tOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


IVOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
tAL Device) 
Ii" 
15 
± 0.1 
- 
to.OOOOl 
to.l 
t 1.0 
IolAdc 


Input Current (CLlCP Device) 
lin 
15 
- 
± 0.3 
- 
to.OOOOl 
±O.3 
- 
± 1.0 
,/JAde 


I"put Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 0) 


'Quiescent 
Current 
(AL 
Device) 
100 
5.0 
0.25 
0.0005 
0.25 
7.5 
j.JAdc 


(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 


15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


Quiescent Current (CLlCP Device) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
1.5 
J.,lAdc 
(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 


15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total Supply Current··t 
IT 
5.0 
IT = 10.75 !lA/kHz) 
I + 100 
IJAdc 


(Dynamic plus Quiescent, 
10 
IT = (1.50 !lA/kHz) 
I + 100 


Per Package) 
15 
IT = (2.25 !lA/kHz) 
I + 100 
(el = 50 pF on all outputs, all 
buffers switching) 


-Tlow'" 
-5SoC for AL Device. -40oC for CL/CP Device. 


Thigh"" 
+12SoC for AL Device. +8SoC for Cl/CP 
Device. 
#Noise immunitY 
specified for worst-case input combination. 
Standard family 
noise margin 


specification 
is met for anyone 
input tested at a time. 


tTo 
calculate total supply current at loads other than 50 pF: 


IT(CL) 
= ITI50 pF) + 2 X 10-3 (eL .sO) Vaal 
where: IT is in IJA (per package), CL in pF, VOO in Vdc, and fin kHz is input frequency. 


- -The formulas given are for the typical characteristics only at 2SoC. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
~ 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
~ 11.5 ns/pFJ CL + 15 ns 
10 
- 
90 
180 
tTLH ~ 11.1 ns/pFJ CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL 
~ 11.5 ns/pFJ CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
~ 10.75 ns/pFJ CL + 12.5 ns 
10 
- 
50 
100 
tTHL 
~ 10.55 ns/pFJ CL + 9.5 ns 
15 
- 
40 
80 


Propagation De'lay Time 
tPLH 
ns 
A, C, W::: VDD: 
B, E :::Gnd; D :::Pulse Generator 


tPLH ~ 11.7 ns/pFI CL + 290 ns 
5.0 
- 
375 
960 


tpLH 
~ 10.66 ns/pFJ CL + 127 ns 
10 
- 
160 
400 
tpLH ~ 10.5 ns/pFI CL + 85 ns 
15 
- 
110 
300 


tPHL ~ 11.7 ns/pFI CL + 345 ns 
tPHL 
5.0 
- 
430 
1200 
ns 


tpHL 
~ 10.66 ns/pFI CL + 162 ns 
10 
- 
195 
540 
tPHL ~ 10.5 ns/pFI CL + 95 ns 
15 
- 
120 
410 


A, B, C, D, E :::Pulse Generator; 
W = VDD 
tPLH 
ns 
tpLH ~ 11.7 ns/pFI CL + 170 ns 
5.0 
- 
255 
640 


tPLH ~ 10.66 ns/pFI CL + 87 ns 
10 
- 
120 
300 


tPLH ~ 10.5 ns/pFI CL + 60 ns 
15 
- 
85 
210 


tpHL ~ 11.7 ns/pFI CL + 195 ns 
tpHL 
5.0 
- 
280 
750 
ns 


tPHL ~ 10.66 ns/pFI CL + 92 ns 
10 
- 
125 
330 
tPH L ~ 10.5 ns/pF I CL + 75 ns 
15 
- 
100 
250 


A, B, C, D, E = Gnd: W = Pulse Generator 
tpLH, 
ns 


tPHL, tPLH ~ 11.7 ns/pFJ CL + 145 ns 
tpHL 
5.0 
- 
230 
575 


tPHL, tPLH ~ 10.66 ns/pFJ CL + 72 ns 
10 
- 
105 
265 


tPHL 
tPLH ~ 10.5 ns/pFJ CL + 50 ns 
15 
- 
75 
190 


20 ns 
20 ns 


~ 


---I 


50% 
VDD 


Vrn 
_~ 
Duty 
__ 
VSS 


Cycle 


A 


B 
Z 


C 


0 


W 
I 


CL 


A 


B 


C 
Z 
0 


W 
I 


CL 


8 
VSS 


o 
A 


B 


C 
o 


o 
A 


B 


C 
o 


x 
y 
00+1 


0 
0 
0 
0 
, 
° 
1 
0 
° 
1 
1 
, 


x 
y 
00+1 


0 
0 
1 
0 
1 
2T 
1 
0 
2T 


1 
, 
0 


A 
flip-flOp 
with 
three 
output 
conditions, 
where 
the 
third 
state 
is 


in 
oscillation 
between 
"'" 
and 
"0" 
The 
period 
of 
oscillation 


is twice the delay of the gate and the feedback element. 


x 
y 
z 
00+1 


0 
0 
0 
0 
0 
0 
1 
On 
0 
, 
0 
On 
0 
, 
, 
On 
1 
0 
0 
On 
1 
0 
, 
On 
, 
, 
0 
On 
, 
, 
1 
, 


The 
flip-flop 
changes 
state 
only 
when 
all 
",'s" 
or 
all 
"O's" 
are 


entered. 
This configuration 
may be extended by cascading MS 
gates 
to cover 
n-inputs 
where 
all inputs 
must 
be 
",'s" 
or 
"O's" 


before 
the 
output 
will 
change. 
As an example, 
this 
configuration 


is useful 
for 
controlling 
an n-stage 
up/down 
counter 
that 
is to cycle 


from 
a minimum to maximum count and back again without 
flipping over (from all ",'s" 
to all "O·s".1 


W 


O~IB 
Z 


C 
- 
~ 
MS 


~(}kW 
Z 


A 
M 
B 
3 


C 


W 
'~: 


1 
1 
Z 


~ 
OA3 


'~W~ 
o 
Z 


o i 
AND3 


O~W 
o 
Z 


o 
~ 
NAND3 


DOUBLING 
THE WEIGHT OF INPUT VARIABLE 
A 


W~W 
BY TYING IT TO ANY TWO INPUTS 


A 
A 
Z 
g 
IAB+AC+AD+BCDJ@ 
W 


T0flluW 
CORRELAT~~~HO~ 
~~S\-T:;;~E 
SAMPLES 


50 
A 


~~ 
~ 
Z 
Correlation 
of 60%, 80%,100% 


53 
D 


54 
E 


TO~W 
TO 
A 
SO 
B 
Z 
5' 
C 
52 
D 


53 
E 


The gate will 
have a "'" 
output 


if the 
test 
bit 
To 
matches 
or cor- 


relates with 
3, 4 or 5 of the sample 


bits 
SO-54. 


WTorl~ 


TO 
A 
TO 
B 
Z 


SO 
C 
Correlation 
of 
100% 


S, 
D 
52 
E 


Each package labeled M5 is a single majority 
logic gate 


using 
five 
inputs, 
A thru 
E, and one output 
Z. 


1 
MajoritY 
Logic 
Gate Array 
yielding the symetric function 
of 1 thru 
7 variables 
true, 
out 
of 7 input 
variables (Xl. 
X7) 


(e.g., if any two-input 
variables 


are true (logical 
"'''), 
21 and 
22 are true 
(logical "1") 


• 


The MC14531B 12·bit parity tree is constructed with 
MaS p. 


channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single 
mono- 


lithic structure. The circuit 
consists of 12 data·bit inputs (DO thru 


0111, and even or odd parity selection input (W) and an output (Q), 
The parity selection input can be considered as an additional 
bit. 
Words of lessthan 13 bits can generatean even or odd parity output 


if the 
remaining 
inputs 
are 
selected 
to contain 
an even 
or odd 
num- 


ber of ones, respectively, Words of greater than 12·bits can be ac· 
commodated by cascadingother MC14531B devices by using the W 
input. Applications 
include checking or including a redundant (par· 


ity) 
bit 
to 
a word 
for 
error 
detection/correction 
systems, 
controller 
for remote digital sensors or switches (digital event detection/cor· 


rection). 
or as a multiple 
input 
summer 
without 
carries. 


• 
Noise Immunity 
= 45% of VOO typical 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper· 
ature Range 


• 
Quiescent Current - 
5,0 nAjpackage typical @ 5 Vdc 


• 
Variable Word Length 


• 
Diode Protection on All Inputs 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-05to+18 
Vdc 


InpUI 
Voltage. 
All 
Input~ 
Von 
-05 
to VOO 
+ 0.5 
Vdc 


DC 
Current 
DraIn 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
A l DevIce 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
T stg 
-65 
to +150 
°c 


DO 
7 


01 
6 


02 
5 


03 
4 


04 
3 


05 
2 


06 


07 
15 


08 
14 


09 
13 


010 
'2 


011 
11 


Odd/Even 
W 
10 


.~ 
J~ 
..l'i;mH i~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~fi:.::;:t::Cka9. 


C P 
Plastic 
Package 


A 
Extended 
opera,tlOg 
Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


TRUTH 
TABLE 


INPUTS 
OUTPUT 


DECIMAL 
(OCTAU 


w 
on 
010 
02 
01 
00 
eQUIVALENT 
O' 
0 
0 
0 
0 
0 
0 
0 
IOJ 
0 
0 
0 
0 
0 
0 
, 
, 
III 
, 


0 
0 
0 
0 
, 
0 
, 
121 
1 
0 
0 
0 
0 
, 
, 
J 
131 
0 


0 
0 
0 
, 
0 
0 . '" 
, 


0 
0 
0 
1 
0 
1 
5 
151 
0 


0 
0 
0 
1 
, 
0 
6 
161 
0 
0 
0 
0 
, 
, 
, 
, 
'" 
, 


• 
, 
, 
, 
0 
0 
0 
8184 
(17770) 
0 
, 
, 
, 
0 
0 
, 
8185 
(17771) 
, 
, 
, 
, 
0 
, 
0 
8186(17772) 
, 
, 
, 
, 
0 
, 
1 
8187 
(177131 
0 
, 
, 
t 
1 
0 
0 
8188(177741 
1 
1 
, 
1 
1 
0 
, 
8189 
(177751 
0 


1 
1 
1 
1 
, 
0 
81901177761 
0 
, 
1 
1 
1 
1 
, 
8191 
(177771 
, 


'0 - even 
Pll"IV 
No,. 
Mav '-.:lel,n, 
IQ 5\.11 applIcatIon 
bv 
, 
Odd P."'v 
manipula',ng 
Wand/or 
Othe. 
averlebl" 
O's 


Voo 
T10w 
25°C 
Thi 
h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
TVp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
005 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.~5 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
1495 
- 
1495 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO 
9.0 or 
1.0 
Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
30 
(VO ~ 13.50,1.5 
Vdcl 
15 
- 
4.0 
.- 
675 
4.0 
- 
4.0 


"1" 
Level 
VIH 


1VO 
0 0.50,4.5 
Vdcl 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO" 
1.00,9.0 
Vdcl 
10 
7.0 
- 
70 
5.50 
- 
7.0 
- 
(VO 
0 
1.5 m 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 
1VOH "2.5 
Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH : 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH : 9.5 Vdcl 
10 
-0.62 
- 
-05 
-0.9 
- 
-035 
- 


(VOH: 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL: 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLJCP 
Devicel 
10H 
mAde 
(VOH : 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
··0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH 
= 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


1VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
13 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Devicel 
lin 
15 
- 
±O.l 
- 
'000001 
±O.l 
- 
± 1 ,0 
,uAdc 


Input 
Current 
(CLlCP 
Devicel 
lin 
15 
- 
± 0.3 
- 
to.OOOOl 
'03 
- 
± 10 
,uAdc 


I npu 
t Capac 
i lance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
'" OJ 


Quiescent 
Current 
lAL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
}JAde 


IPer 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
20 
- 
0.015 
20 
- 
600 


Quiescent 
Current 
(eLlep 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J..IAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current" 
t 
IT 
5.0 
IT 
10.25 "A/kHzI 
I + 100 
,uAde 


(Dynamic 
plus 
QUiescent, 
10 
IT 
10.50 "A/kHzl 
I + 100 


Per 
Package) 
15 
IT 
= (0.75 
,uA/kHzl 
f 
+ 
100 


lCL 
"" SO pF 
on 
all 
outputs. 
all 


buffers 
switching) 


·Tlow 
-5SoC 
for 
AL 
Device, 
-40°C 
for 
CL/CP 
Device. 


Thigh'" 
t12SoC 
for 
AL 
Device. 
+8SoC 
for 
CL/CP 
Device. 


-"Noise 
Immunity 
sPtlcified 
for 
worst·case 
input 
comblnatiun. 


NOise 
Margin 
for 
both" 
1" and 
"0" 
level 
~ 1.0 
Vdc 
min 
@ V DO 
:" S.O Vdc 


2.0 
Vdc 
min@ 
VDO 
-' 10 
Vdc 


2.5 
Vdc 
min@VOD 
- 
15 
Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
SO pF 
ITICLI 
0 
ITI50 pFI + 1 x 10-3 (CL -501 VOOI 


where: 
IT 
is in IJA 
(per 
packagel. 
CL 
in pF, 
VDO 
in Vdc, 
and 
f in 
kHz 
is input 
frequency. 


"The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 
2SoC. 


Characteristic 
Symbol 
VOO 
Min 
TVp 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pFJ CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH = (1.1 
ns/pF) 
Cl 
+ 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL' 
11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pFJ CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay 
Time 
~-- 


tPLH. 
ns 


Data to Q 
tpHL 


tPLH. tPHL = 11.7 ns/pFI CL + 355 ns 
5.0 
- 
440 
1320 


tPLH. tPHL = 10.66 ns/pFI CL + 142 ns 
10 
- 
175 
525 


tPLH. tpHL = 10.5 ns/pFI CL + 95 ns 
15 
- 
120 
360 


Odd/Even 
to Q 
tPlH. 
tpHl 
= <1.7 ns/pFI 
CL + 165 ns 
5.0 
- 
250 
750 


tpLH. 
tpHl 
= (0.66 
ns/pFI 
CL + 67 ns 
10 
- 
100 
300 


tPLH 
tpHL = 10.5 ns/pFJ CL + 45 ns 
15 
- 
70 
210 
. 


20~' 
20n, 
90% 
-~-VDD 


Input 
50% 
10% 
VSS 


(D or W) 
tPLH 
_ 
tpHL 


---VOH 


50% 


@ MOTOROLA 


The 
MC145328 
is 
constructed 
with 
complementary 
MaS 
(CMOS) enhancement mode devices. The primary function of a pri- 
ority encoder is to provide a binary addressfor the active input with 
the highest priority. 
Eight data inputs (DO thl:u D71 and an enable 
input (Einl are provided. Five outputs are available, three are address 
outputs (00 thru 02), one group select (GS) and one enable output 
(Eout). 


• 
Ouiescent Current ~ 5.0 nA/package typical @ 5 Vdc 


• 
Noise Immunity = 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Low Input Capacitance- 5.0 pF typical 


• 
Supply Voltage Range~ 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 


ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
VOltage 
VDD 
-0510+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-05 
to 
VOO 
+ 
0.5 
Vdc 


DC 
Current 
DraIn 
per 
Pin 
I 
10 
mAde 


Oper<ttlng 
Temperature 
Range 
AL 
DevIce 
TA 
-55 to +125 
°c 


ClCP 
DevIce 
-40 
to +85 


Stordge Temperature 
Range 
T S19 
-65 
10 + 150 
°c 


INPUT 
OUTPUT 


Ein 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
GS 
Q2 
Q1 
QO 
Eout 


0 
X 
X 
X 
X 
X 
X 
X 
X 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


1 
1 
X 
X 
X 
X 
X 
X 
X 
1 
1 
1 
1 
0 
1 
0 
1 
X 
X 
X 
X 
X 
X 
1 
1 
1 
0 
0 
1 
0 
0 
1 
X 
X 
X 
X 
X 
1 
1 
0 
1 
0 
1 
0 
0 
0 
1 
X 
X 
X 
X 
1 
1 
0 
0 
0 


1 
0 
0 
0 
0 
1 
X 
X 
X 
1 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
1 
X 
X 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
X 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due to high 


static voltages or electric 
fields; however. 
it is advised that normal precautions be 


taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range VSS.or;;;;(Vin or Voutl 
<. VOO' 


Unused 
inputs 
must 
always be tied 
to an appropriate 
logic voltage 
level (e.g.. 
either VSS or VOOI. 


MC14532B 


----- 


Iii 
- 
. 
.,J',- 
,. , 


MC14XXXB 
1SUffiX 
De.note, 


~ 


L 
Ce •• m;, 
Package 


P 
PlastIc 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


BLOCK 
DIAGRAM 


Ein 
Eout 
15 


10 
DO 


11 
01 
00 
9 


12 
02 


13 
03 
01 


04 


2 
05 
02 


3 
06 


07 
GS 
14 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO 
or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
Oar VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
f4.95 
15 
- 
14.95 
- 


Input 
VOlt3gell 
"0" 
Level 
VIL 
Vdc 
(VO = 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
= 9.0 0' 
1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
= 13.50< 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(Va 
== 0.5 
or 4.5 
Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO 
= 1.00,9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.50' 
13.5 Vdcl 
15 
11.0 
- 
110 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 
1VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
-0.6 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
±O 
1 
:to.DOOO1 
±O 
1 
± 1.0 
.uAdc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
±03 
- 
'000001 
, 0.3 
- 
± 1.0 
IJAdc 


Input 
Capacitance 
Con 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(V in = 0) 


Ouiescent 
Current 
(AL 
Devicel 
100 
5.0 
5.0 
0.005 
50 
150 
uAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
pAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT'" 
/1.74 
IJA/kHzl 
f + 100 
JJAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT 
(3.65 "A/kHz) 
I + 100 


Per 
Package) 
15 
IT" 
f5.73 
jJA/kHz) 
f 
t 
100 


(CL 
,..,SO pF 
on 
all 
outputs, 
all 


buffers 
sWItching) 


·Tlow 
-SSoC 
for 
AL 
DeVIce, 
-40oC 
for 
CLlCP 
Device. 


Thigh'" 
+1250C 
for 
AL 
Device, 
+8SoC 
for 
CLlCP 
Device 
. 


.cNoise 
Immunity 
spedfied 
for 
worst-case 
input 
combination 


NOise 
MargIn 
for 
both 
"1" 
and 
"0" 
level'" 
1.0 
Vdc 
min 
@ VOO 


2.0 
Vdc 
min 
@ VOO 


2.S 
Vdc 
min 
@ VOO 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
SO pF 
ITICL) : IT(50 pFI + 
5 
x 10-3 (CL -50) VOOI 


where: 
IT 
IS in ~A 
(per 
package). 
CL 
in pF. 
VOO 
in Vdc. 
and 
f In kHz 
is Input 
frequency. 


"The 
formulas 
given 
are 
for 
the 
typical 
characteristiCS 
only 
at 
2SoC. 


5.0 Vdc 


-' 10 
Vdc 


- 
1S Vdc 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Ouput Rise Time 
tTLH 
ns 


tTLH"" 
(3.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 
tTLH: 
11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 
tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTH L = 10.75 ns/pF I CL + 12.5 ns 
10 
- 
50 
100 
tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Progagation Delay Time - 
Ein to Eout 
tPLH, 
ns 
tPLH, tpHL 
= 11.7 ns/pFI CL + 120 ns 
tPHL 
5,0 
- 
205 
410 
tPLH, tpHL = 10.66 ns/pFI CL + 77 ns 
10 
- 
110 
220 


tpLH, tpHL 
= 10.5 ns/pF) CL + 55 ns 
15 
- 
80 
160 


Propagation Delay Time ( Ein to GS 
tpLH, 
ns 
tPLH, tPHL = 11.7 ns/pFI CL + 90 ns 
tPHL 
5,0 
- 
175 
350 
tpLH, tPHL = (0,66 ns/pFI CL 57 ns 
10 
- 
90 
180 
tpLH, tpHL - (0.5 ns/pFI CL + 40 ns 
15 
- 
65 
130 


Propagation Delay Time 
Ein to Gn 
tPHL, 
ns 
tPLH, tPHL = (1.7 ns/pFI CL + 195 ns 
tPLH 
5.0 
-; 
280 
560 


tPLH, tPHL = 10.66 ns/pFI CL + 107 ns 
10 
- 
140 
280 
tPLH 
tPHL = 10.5 ns/pFI CL + 75 ns 
15 
- 
100 
200 


Propagation Delay Time - 
On to Gn 
tPLH, 
ns 
tPLH, tpHL 
= 11.7 ns/pFI CL + 265 ns 
tPHL 
5.0 
- 
300 
600 


tPLH, tPHL = 10.66 ns/pFI CL + 137 ns 
10 
- 
170 
340 
tPLH, tPHL = 10.5 ns/pFI CL + 85 ns 
15 
- 
110 
220 


Propagation Delay Time - 
On to GS 
tPLH, 
ns 
tpLH, tPHL = 11.7 ns/pF) CL + 195 ns 
tpHL 
5.0 
- 
280 
560 
tPLH, tpHL = 10.66 ns/pFI CL + 107 ns 
10 
- 
140 
280 
tpLH 
tPHL = 10.5 ns/pFI CL + 75 ns 
15 
- 
100 
200 
. 


Ein 
DO 


Dl 
Eout 


D2 
00 


D3 
01 


D" 
02 


D5 
GS 


D6 


D7 


Output 
VGS = VOO 
VGS = -VOO 
Under 
VOS:: Vout 
VOS:: 
Vout -VOO 
Test 
Sink Current 
Source Current 


DO thru 07 
~n 
DO thru 06 
07 
Em 
Eout 
X 
0 
0 
0 
1 


00 
X 
0 
0 
1 
1 


01 
X 
0 
0 
1 
1 
02 
X 
0 
0 
1 
1 


GS 
X 
0 
0 
1 
1 


Programmable 


Pulse 
Generator 


Ein 


00 


01 


02 


03 


04 


05 


06 


07 


VSS 


50% 


50% 


50% 


50% 


Eout = Ein - Do - 01 - 02 - 03 - 04 - 05 - 06 - 07 


00 = Ein - 
(01 - 02 - 04 _ 06 + 03 - 04 - 06 + 05 - 06 + 07) 


01 = Ein - (02 
- 04 - 05 + 03 _ 04 _ 05 + 06 + 07) 


O2= 
Ein-(04+ 
05+ 
06+ 
07) 


GS= Ein- 
(00+ 
01 + 02 + 03+ 
04+ 
05 + 06+ 
07) 


The digital eight-bit word to be converted is applied 


to the inputs of the MC14512 with the most significant 
bit at X7 and the least significant bit at XO_A clock in- 
put of up to 2.5 MHz (at VDD = 10 VI is applied to the 
MC14520B. 
A 
compromise 
between 
Ibias 
for 
the 
MC1710 and ~R between Nand P-channeloutputs gives 
a value of R of 33 k ohms. In order to filter 
out the 
switching frequencies, RC should be about 1.0 ms (if 
R = 33 k ohms, C '" 0.03 pF l. The analog3.0 dB band- 
width would then be dc to 1.0 kHz. 


ANALOG TO DIGITAL CONVERSION 


An analog signal is applied to the analog input of the 


MC1710. A digital eight-bit word known to represent a 
digitized level lessthan the analog input is applied to the 
MC14512 as in the D to A conversion. The word is 
incremented 
at rates sufficient 
to allow 
steady 
state 
to 


be reached between incrementations (i.e. 3.0 msl. The 
output 
of 
the MC1710 will 
change when the digital 


input representsthe first digitized level above the analog 
input. 
This word 
is the digital representation of the 


analog word. 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means 


of 
illustrating 
typical 
semiconductor 
applications; 
consequently. 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 


necessarily 
gi\,len. 
The 
information 
has been 
carefully 
checked 
and 


Stop 
Word 
I ncrementation 


is 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility 
is 
assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey 
to the purchaser 
of the semiconductor 
devices described 
any 
license under the patent rights of Motorola 
Inc. or others. 


® MOTOROLA 


The MC14534B 
is a complementary 
MOS circuit 
composed of 
five decade ripple counters that have their respective outputs time 


multiplexed 
using 
an 
internal 
scanner. 
Outputs 
of 
each 
counter 
are 


selected by the scanner and appear on four BCD pins. The selected 
decade is indicated by a logic high on the appropriate digit select 
pin. Both BCD and digit select outputs have three-state controls pro- 


viding 
an 
"open-circuit" 
when 
these 
controls 
are 
high 
and 
allowing 


time multiplexing. 
Cascading may be accomplished by using the 
carry-out pin. The counters and scanner can be independently reset 
by applying a high to the counter master reset (MR) and the scanner 
reset (SR). The MC14534B was specifically designed for application 


in 
real 
time 
or 
event 
counters 
where 
continual 
updating 
and 
multi- 
plexed displays are used. 


• 
Four Operating Modes (Seetruth table) 


• 
Input 
Error 
Detection 
Circuit 
• 
Clock Conditioning Circuits for Slow Transition Inputs 


• 
Counter 
Sequences 
on Positive 
Transition 
of Clock 
A 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 


ature 
Range 


Note--? 
,.-3-$tate 


Output 
Buffer 


MC145348 


(LOW-POWER COMPLEMENTARY 
MOS) 


REAL 
TIME 


5-DECADE 
COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
709 


MC'4XXXB ~SU~f;Xce~:;:t::Ckage 


L. P 
PlastIc 
Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


• 


This 
device 
contains 
cIrcuitry 
to 
protect 


the inputs 
against 
damage 
due 
to high 
static 


voltages 
or 
electric 
fields: 
however, 
It 
is 


advised 
that 
normal 
precautions 
be taken 


to aVOId 
application 
of 
any 
voltage 
hIgher 


than 
maximum 
rated 
voltages 
to 
this 
high 


Impedance 
CIrcuit. 
For 
proper 
operation 
It 


IS 
recommended 
that 
V1n 
and 
Vout 
be 


constrained 
to 
the 
range 
VSS 
~ 
(Vin 
or 


Voutl 
~VDD· 


Unused 
inputs 
must 
always 
be tied 
to an 


appropriate 
logic 
voltage 
level 
(eg, 
either 


VSSor Vaal. 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Vaa 
-05to+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 to Vaa 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAdc 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 


CL/CP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


Voo 
Tlow 


> 
2SoC 
ThiGh> 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VDD 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
1495 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO - 4.5 or 0.5 Vdcl 
5.0 
1.0 
- 
1.0 
1.5 
- 
- 
1.0 


(VO "9.0 
or 1.0 Vdcl 
10 
2.0 
- 
2.0 
3.0 
- 
- 
2.0 


(VO" 
13.5 or 1.5 Vdcl 
15 
3.0 
- 
3.0 
4.5 
- 
- 
3.0 


(VO:: 
0.5 
or 4.5 
Vdcl 
"1" 
Level 
VIH 
5.0 
4.0 
- 
4.0 
3.5 
- 
4.0 
- 
Vdc 
(VO 
0 1.0 or 9.0 Vdcl 
10 
8.0 
- 
8.0 
7.0 
- 
8.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
12 
- 
12 
11 
- 
12 
- 


Output 
Drive 
Currenl 
(AL 
Device) 
IOH 
mAdc 


(VOH 
2.5 
Vdcl 
Source 
5.0 
-1.2 
- 
··1.0 
-1.7 
- 
-0.7 


(VOH 
4.6Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH 
95 
Vdcl 
10 
-0.62 
-- 
-05 
-0.9 
- 
-0.35 
- 


(VOH 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAdc 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 


(VOL 
'.5 
Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dove 
Currenl 
(CL/CP 
Device) 
IOH 
mAdc 


(VOH 
2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
·0.6 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH - 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
09 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
." Pins 
1 and 
22 
mAne 


(AL 
Device) 
(VOH = 2.5 Vdcl 
Source 
IOH 
5.0 
-0.31 
- 
-0.25 
-0.8 
- 
-0.17 


(VOH = 9.5 Vdcl 
10 
-0.31 
- 
-0.25 
··0.4 
-0.17 
(VOH = 13.5 Vdcl 
15 
-0.9 
- 
-0.75 
-1.6 
- 
-0.51 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.024 
- 
0.02 
0.03 
0.014 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
0.06 
- 
0.05 
0.09 
- 
0.035 


(VOL 
= 1.5 Vdcl 
15 
1.3 
- 
0.25 
1.63 
- 
0.175 
- 


Output 
Drive 
Current 
- 
Pins 
1 and 
22 
mAde 


(CLlCP 
Device) 
(VOH = 2.5 Vdcl 
Source 
IOH 
5.0 
-0.11 
- 
-0.10 
-0.8 
- 
-0.08 
- 


(VOH = 9.5 Vdcl 
10 
-0.11 
- 
-0.10 
-0.4 
- 
-0.08 
- 


(VOH = 13.5 Vdcl 
15 
-0.33 
- 
-0.30 
-1.6 
- 
-0.24 
- 


(VOL 
= 0.4 Vdcl 
Sink 
tOL 
5.0 
0.012 
- 
0.01 
0.02 
- 
0.008 
- 
mAdc 


(VOL 
= 0.5 Vdcl 
10 
0.03 
- 
0.025 
0.05 
- 
0.02 
- 


(VOL 
= 
1.5 Vdcl 
15 
0.14 
- 
0.12 
1.35 
0.10 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
,0.1 
- 
,0.00001 
-0.1 
- 
.± 1.0 
.uAdc 


Input 
Current 
(CL/CP 
Devicel 
lin 
15 
- 
,0.3 
- 
!0.00001 
'0.3 
- 
'1.0 
JJAdc 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
-- 
pF 


(Vin 
=. 01 


·Tlow 
:: -55°C 
for 
AL 
Device, 
-400C 
for CL/CP 
Device. 


Thigh'" 
+12SoC 
for 
AL 
Device, 
+8SoC 
for 
CL/CP 
Device. 


#Noise 
Immunity 
specified 
for 
worst·case 
input 
combination 


NOise Margin 
for both" 
1" and 
"0" 
level 
- 
1.0 
Vdc 
min 
@ VDD 
'" 5.0 
Vdc 


2.0 
Vdc 
min 
@ VDD 
- 
10 Vdc 


2.5 
Vdc 
min@ 
VOO 
-' 15 Vdc 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Mo. 
Min 
Mo. 
Unit 


Ouiescent Current (AL Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
J,lAdc 


(Per 
Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 


15 
- 
20 
- 
0.030 
20 
- 
600 


Quiescent Current (CUe? 
Device) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
/-tAdc 


(Per 
Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply 
Current··t 
IT 
5.0 
'T = 10.5 ~A/kHzl 
f + 100 
$JAde 


(Dvnamic plus Quiescent, 
10 
IT = (1.0 ~A/kHz) 
f + 100 
Scan Oscillator 


Per 
Package) 
15 
IT = 11.5 ~A/kHzJ 
f + 100 
Frequency = 1 kHz 


(CL '" 50 pF on all outputs, all 


buffers 
switching) 


Three-State 
Leakage 
Current 
ITL 
15 
±O 
1 
- 
'000001 
,01 
,3.0 
jJAdc 


tAL Devlcel 


Three-State 
Leakage 
Cur rent 
ITL 
IS 
- 
, 1.0 
' 0.00001 
, 1.0 
± 7.5 
/JAde 
(CUep 
Device) 


tTo 
calculate 
tOlal 
supply 
current 
at loads 
other 
than 
50 pF 
• -The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 250C. 
lTICl' 
'" IT(50 pFI 
t 1 x 10-3 (CL -SOl Vao' 
where: IT IS in jJA (per package). CL in pF, Vao in Vdc. and f in kHz IS Input 
frequency. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Mo. 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pF) CL + 95 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pF) CL + 78 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pFI CL + 68 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 117 ns 
5.0 
- 
100 
200 


tTHL 
= (0.75 ns/pF) CL + 89 ns 
10 
- 
50 
100 


tTHL 
= (0.55 ns/pFI CL + 67 ns 
15 
- 
40 
80 


Propagation Delay Time, 
tpLH, 
~s 


Clock to Q 
tpHL 


tPLH, tPHL = 11.8 ns/pF) CL + 4.0 ~s 
5.0 
- 
4.0 
8.0 


tPLH, tPHL = (0.8 ns/pF) CL + 1.5 ~s 
10 
- 
1.5 
3.0 


tPLH, tpHL 
= 10.6 ns/pF) CL + 1.0 ~s 
15 
- 
1.0 
2.25 


Clock to Carry Out 
tpLH 
~s 


tPLH = 11.8 ns/pFI CL + 3.3 ~s 
5.0 
- 
3.3 
6.6 


tPLH = (0.8 ns/pF I CL + 1.1 ~s 
10 
- 
1.1 
2.2 


tpLH = 10.6 ns/pFI CL + 0.8 ~s 
15 
- 
0.8 
1.7 


Master Reset to Q 
tPHL 
~s 
tpHL 
= 11.8 ns/pFJ CL + 1.8 ~s 
5.0 
- 
1.8 
3.6 


tpHL 
= 10.8 ns/pFJ CL + 0.6 ~s 
10 
- 
0.6 
1.2 


tpHL 
= 10.6 ns/pFI CL + 0.5 ~s 
15 
- 
0.5 
0.9 


Master Reset to Error Out 
tpHL 
~s 
tPHL 
= 11.8 ns/pF) CL + 0.57 ~s 
5.0 
- 
0.6 
1.5 


'pHL 
= 10.8 ns/pF) CL + O.19 ~s 
10 
- 
0.2 
.5 


tpHL 
= 10.6 ns/pF) CL + 0.1 1 ~s 
15 
- 
0.12 
0.38 


Scanner Clock to Q 
tpLH, 
~s 
tpLH, tpHL 
= 11.8 ns/pFJ CL + 1.8 ~s 
tpHL 
5.0 
- 
1.8 
3.6 


tPLH, tPHL = 10.8 ns/pF) CL + 0.6 ~s 
10 
- 
0.6 
1.2 


tpLH, 
tpHL 
= 10.6 ns/pF) CL + 0.5 ~s 
15 
- 
0.5 
0.9 


Scanner Clock to Digit Select 
'PLH, 
~s 


tPHL, tpLH 
= 11.8 ns/pFI CL + 1.5 ~s 
tpLH, 
5.0 
- 
1.5 
3.0 


tpHL, 
tpLH 
= (0.8 ns/pFI CL + 0.5 ~s 
10 
- 
0.5 
1.0 


tPHL, tPLH 
= (0.6 ns/pFI CL + 0.4 ~s 
15 
- 
0.4 
0.75 


Clock Pulse Frequency 
tel 
5.0 
- 
1.0 
0.5 
MHz 


10 
- 
3.0 
1.0 


15 
- 
5.0 
1.2 


Clock or Scanner Clock PulseWidth 
tWH 
5.0 
1000 
500 
- 
ns 


10 
500 
190 
- 


15 
375 
125 
- 


Master Reset Pulse Width 
tWHIR) 
5.0 
2000 
900 
- 
ns 


10 
600 
300 
- 


15 
450 
250 
- 


, 
2 
3 
4 
5 
6 
7 
8 
9 
10 
102 
103 
104 
105 
106 
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Mode A 
Mode B 
First Decade 
Output 
Carry to Second Stage 
Application 


0 
0 
Normal 
Count 
and Displav 
At 9 to a transition 
of first decade 
5·Decade 
Counter 


0 
, 
Inhibited 
I nput 
Clock 
Test Mode: 
Clock 
directly 
into 
stages 
1,2. 
and 
4. 
, 
, 
Inhibited 
At 4 to 
5 transition 
of first 
decade 
4-decade 
counter 
with 
10 and 
roundoff 
at front 
end. 


1 
0 
Counts 
3.4.5.6.7 
5 
At 
7 to 8 transition 
of first 
decade 
4·decade 
counter 
with 
1/2 
pence 
capabilitY. 


Counts 
8.9.0.1.2'" 
0 


Note: 
If Mode 
B = 1, the first 
decade is inhibited 
and S1 will 
not go high, and 
the cycle will 
be shortened 
to four 
stages. 


DS5 is selected automatically 
when Scanner Reset goas 
high. 


: 
pi 
_ 


Good Pulse I Error 
Error 
3 
4 


Note: 
Error 
detector 
looks for 
inverted 
pulse on Clock 
B. Whenever a positive 
edge at Clock 
A is not 
accompanied 
by 8 negative pulse at Clock 
B (or 
vice-versa) 
within 
8 time 
period 
of 
the 
one-shots 
an error 
is counted. 


Three errors 
result 
in Error 
Out to go to a "1". 
If error 
detection 
is not 
needed, tie Clock 
B high or 
low and leave Pins 1 and 22 unconnected. 


1000 


500 


~ 
300 
] 


~ 
100 


~ 
50 
d 
30 


w 


~ 
10 
" 
~ 
5.0 


<: 
3.0 


'\ 


Skew in this range ~ 
results in counted 
error. 
~ 


I 
Max 
- 


I 
Skew in this range- I--+-= 


mayor 
may not' 
:: 
~ ~ 
result in counted 
.;; 
~ 
error. 
I-- 


~~k'Wi"thiS,,"ge 
I 
Min 
results in no error 
counted. 
I 


Notes: 


1. 
The 
skew 
is the 
time 
difference 
be- 


tween 
the 
low-to-high 
transition 
of 


CA 
to 
the 
high·to-Iow 
transition 
of 


CB or vice-versa. Capacitors 
C1 - C22 
tied 
from 
pins 
1 
and 
22 
to 
VSS' 


2. 
This graph is accurate for 
C1 "'"C22 ~ 


100 pF. 


3. 
When 
the error 
detection 
circu Itry 
is 


not used, pins 1 and 22 are left open. 


MC14534B 
.sL 
MC14534B 


Clock 
A 
Cout• 
Clock A 


Clock 
A 
QO 


Q1 
}ow,o, 


MC14534B 
Selected 
Q2 
Decade 
SC 
Q3 


When 
the Q outputs 
of 
a given 
decade 
are required, 
this 
configuration 
will 


lock 
up 
the selected 
decade 
within 
four 
clock 
cycles. 
The 
select 
line 
feed- 


back 
may 
be hardwired 
or switched. 


Circuit 
diagrams utilizing 
Motorola 
products 
are included as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarilv given. 
The information 
has been carefully 
checked and 


is believed 
to 
be entirely 
reliable. 
However, 
no responsibility 
is 


assumed for 
inaccuracies. 
Furthermore, 
such information 
does not 
convey to the purchaser of the semiconductor 
devices described any 


license under the patent rights of Motorola 
I nc. or others. 


® MOTOROLA 


The MC14536B programmable timer is a flexible 24-stage ripple 
binary counter with 16 stagesselectable by a binary code. Provisions 
for an on-chip RC oscillator, or an external clock are provided. An 
on-chip monostable circuit 
incorporating 
a pulse-type output 
has 


also been included. By selecting the appropriate output in conjunc- 
tion with the correct input clock frequency, a variety of timing can 
be achieved. 


• 
24 Flip-Flop Stages- Will Count From 20 to 224 


• 
Last 16 StagesSelectable By Four-Bit Select Code 


• 
Input Allows Bypassingof First Eight Stages 


• 
Set and Reset Inputs 


• 
Clock Inhibit Input 


• 
On-Chip RC Oscillator Provisions 


• 
On-Chip Monostable Output Provisions 


• 
Clock Conditioning 
Circuit 
Permits Operation With Very Long 
Rise and Fall Times 


• 
Clock Input fmax = 3.0 MHz typical @ VDD = 10 Vdc 


• 
Counter AdvancesOn Negative Going Edgeof Clock 


• 
Test Mode Allows Fast Test Sequence 


• 
Supply Voltage Range= 3.0 Vdc to 1BVdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Voo 
-05to+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
DC 


CL!CP 
DevIce 
-40 
to +85 


Storage Temperature 
Range 
T 5t9 
-65 to +150 
DC 


MC145368 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC'4XXXB 
~SU~f;Xce,::;:t::Ck.ge 


t= P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
limited 
Operating 


Temperature 
Range 


VOO 
Tlow 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
TVp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
0 
0.05 
- 
0.05 
Vdc 


V,n=VODorO 
10 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
005 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
4.95 
- 
Vdc 


Vtn=Oor 
VOO 
10 
9.95 
- 
9.95 
10 
9.95 
_. 


15 
14.95 
- 
14'.95 
15 
- 
14.95 


Input 
VoltageP- 
"0" 
Level 
V,L 
Vdc 
(Va 
= 4.5 or 0.5 Vdcl 
5.0 
15 
2.25 
15 
- 
15 
(Va" 
9.0 or 1.0 Vdc) 
10 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO ~ 13.5 0,1.5 
Vdcl 
15 
- 
40 
6.75 
40 
- 
4.0 


"'" 
level 
V,H 


(Va"" 
0.5 or 4.5 Vdcl 
5.0 
3.5 
35 
2.75 
- 
3.5 
- 
Vdc 


(Vo 
~ 1.00,9.0 
Vdcl 
10 
70 
- 
7.0 
5.50 
- 
7.0 
- 


{Va 
"'1 
50r 
13.SVdcl 
15 
11.0 
- 
110 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
'OH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
50 
-1.2 
- 
-10 
-17 
- 
-0,7 
- 


(VOH 
= 4.6 Vdcl 
50 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH 
~ 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL' 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL· 
0.5 Vdcl 
10 
16 
- 
1.3 
225 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CL/CP 
Devicel 
'OH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-10 
-0.8 
-1.7 
-0.6 
- 


(VOH 
= 4.6 Vdcl 
50 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


(VOH 
= 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL' 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
1.1 
2.25 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
24 


Input 
Current 
(AL 
DeVice) 
I,n 
15 
iO 
1 
'000001 
-01 
- 
- 10 
~Adc 


Inpul 
Current 
(eLlep 
DeVice) 
I,n 
15 
'03 
W 00001 
, 0.3 
- 
:!.1.0 
.uAdc 


Input 
Capacitance 
Cm 
- 
- 
- 
50 
7.5 
pF 


(Vm 
- 0) 


QUIescent 
Current 
(AL 
DeVice) 
'00 
50 
50 
0.010 
50 
- 
150 
JJAdc 


(Pel 
Package) 
10 
10 
0.020 
10 
300 
15 
20 
0.030 
20 
600 


QUIescent 
Current 
feLlep 
DeVice) 
100 
50 
- 
50 
0.010 
50 
- 
375 
JJAdc 


(Pel 
Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 


15 
- 
200 
- 
0.010 
200 
- 
1500 


Total 
Supply 
CUfrent'"" 
IT 
50 
IT = 11.15 ~A/kHzl 
1+ 100 
IJAdc 


(DynamiC 
plus 
QUieSCent, 
10 
IT = 12.3 ~A/kHzl 
1+100 
Per Package) 
15 
IT = 13.55 ~A/kHz) 
I + IDO 


(CL 
= 50 
pF 
on all OUlputs, 
all 


buffers 
sWitching) 


'Tlow'- 
-5SoC 
for 
AL 
Oevlce. 
-40°C 
for 
CLlCP 
DeVice. 


Thigh" 
t1250C 
for 
AL 
Device. 
t850C 
for 
CLlCP 
Oevlce. 


~Nolse 
Immunity 
specified 
for 
worst-case 
Input 
combination 


NOise 
Margin 
for 
both 
"1" 
and 
"0" 
level 
- 
1.0 
Vdc 
min 
@ VOD 


2.0 
Vdc 
min 
@ VOO 


2.5 
Vdc 
min 
@ VOO 


TTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 
pF. 


'T1ClI 
= IT 150 pF) + 3 x 10,3 (CL -501 VOOI 


where: 
IT 
is in IJA (per 
package), 
CL 
in pF. 
VOO 
in Vdc. 
and 
f in kHz 
IS input 
frequency 
. 


• 'The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 2SoC. 


5.0 
Vdc 


"" 10 Vdc 


- 
15 Vdc 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH 
~ 13.0 ns/pFI CL + 30 ns 
5.0 
- 
laO 
360 
tTLH 
~ 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 
tTLH 
~ ILl 
ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 
tTHL 
~ (1.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
~ 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
tTH L ~ 10.55 ns/pF I CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
ns 


Clock to 01, a·Bypass (P in 6) High 
tpHL 


tpLH, 
tpHL 
~ 11.7 ns/pFJ CL + 1715 ns 
5.0 
- 
1800 
3600 


tpLH, 
tpHL ~ 10.66 ns/pFI CL + 617 ns 
10 
- 
650 
1300 
tPLH, tpHL ~ 10.5 ns/pF) CL + 425 ns 
15 
- 
450 
1000 


Clock to 01, a-Bypass (Pin 6) Low 
tPLH, 
~s 
tpLH, 
tpHL 
~ 11.7 ns/pFI CL + 3715 ns 
tpHL 
5.0 
- 
3.8 
7.6 
tpLH, 
tpHL 
~ 10.66 ns/pFI CL + 1467 ns 
10 
- 
1.5 
3.0 
tPLH, tPHL ~ 10.5 ns/pFI CL + 1075 ns 
15 
- 
1.1 
2.3 


Clock to 016 
tPLH, 
~s 
tPHL, tpLH 
~ 11.7 ns/pFI CL + 6915 ns 
tPHL 
5.0 
- 
7.0 
14 


tpHL, 
tPLH = 10.66 ns/pFI CL + 2967 ns 
10 
- 
3.0 
6.0 


tPH L, tpLH 
= 10.5 ns/pF I CL + 2175 ns 
15 
- 
2.2 
4.5 


Reset to On 
tpHL 
ns 


tPHL 
= 11.7 ns/pFI CL + 1415 ns 
5.0 
- 
1500 
3000 
tpHL 
= 10.66 ns/pFI CL + 567 ns 
10 
- 
600 
1200 
tPHL = 10.5 ns/pFI CL + 425 ns 
15 
- 
450 
900 


Clock PulseWidth 
tWH 
5.0 
600 
300 
- 
ns 


10 
200 
100 
- 


15 
170 
85 
- 


Clock Pulse Frequency 
'el 
5.0 
- 
1.2 
0.4 
MHz 
(50% Duty Cycle) 
10 
- 
3.0 
1.5 


15 
- 
5.0 
2.0 


Clock Rise and Fall Time 
tTLH, 
5.0 
- 


tTHL 
10 
No Limit 
15 


Reset PulseWidth 
tWH 
5.0 
1000 
500 
- 
ns 


10 
400 
200 
- 


15 
300 
150 
- 


• 


Decode 


D 
C 
8 
A 
Out 
a·Bypass 


0 
0 
0 
0 
• 
1 


0 
0 
0 , 
10 
2 


0 
0 
1 
0 
11 
3 


0 
0 
1 , 
'2 
• 
0 
1 
0 
0 
'3 
• 
0 
1 
0 
1 
" 


6 


0 
1 
1 
0 
" 


7 


0 
1 
1 
1 
16 
8 


1 
0 
0 
0 
17 
• 
1 
0 
0 
1 
18 
10 


1 
0 , 
0 I. 
11 


1 
0 , , 
20 
12 


1 , 
0 
0 
21 
13 


1 , 
0 
1 
22 


" 
, , 
1 
0 
23 


" 
1 
1 
1 , 
2. 
16 


Clock 
0", 
Decode 


IN, 
Set 
Reset 
Inh 
Inh 
Out 2 Out 2 
Out 


f 
0 
0 
0 
0 of \.. 
No 
Change 


"- 
"- 


Advance 
0 
0 
0 
0 
of 
to 
nellt state 


X 
1 
0 
0 
0 
0 
, 
1 


X 
0 
1 
0 
0 
0 
1 
0 


X 
0 
0 
, 
0 
No 
Change 


0 
0 
0 
0 
X 
0 
, 
No 


Change 


V \.. .F 


Advance 


1 
0 
0 
0 
'0 
next nete 


Set 
input 
initializes 
output 
to 
a "1". 
This 
is accom- 
plished by selling 
an output 
conditioning 
latch to a 1 


while at the same time resetting the 24 flip-flop 
stages_ 
With the occurence of the first negative transition of the 
clock, the output will change to a "0"_ When the circuit is 
in the Set condition, 
the counter flip-flop stageswill start 


counting 
on 
the 
second 
negative 
transition. 
The 
resulting 


behavior is the same as if each of the 24 flip-flop 
stages 


were 
set. 


Reset inputs resets all stagesto a logical "0" 
Resetor 


Set also disables the on-chip RC oscillator to allow very 
low power standby operation_ 
In1 input is used as the 
external 
Clock 
input 
or 
as the 
input 
to 
the on-chip 
RC oscillator_ 
Out 
1, Out 
2 outputs are used in the on-chip 
RC 


oscillator 
configuration. 
8-Bypass input bypassesthe first eight stagesresulting 


in a 16-stagecounter with all 16 stagesselectable, one at a 


time. 
Clock 
Inhibit 
input 
disconnects 
the 
first 
counter 


stage 
from 
the 
input 
circuit, 
therefore 
inhibiting 
counting. 
This Clock Inhibit input is independent of the state of the 


FIGURE 1 - 
TIME INTERVAL 
CONFIGURATION 
USING 
EXTERNAL 
CLOCK; SET ANO CLOCK 
INHIBIT 
FUNCTIONS 


FIG~~~C3H~PT~~;~~~C~:T~LR 
C~~~I~~S~~~~pNU~SING 
Jl 


TO INITIATE 
TIME INTERVAL 
St." 


Clock input. 
When the Clock 
Inhibit 
input is disabled, 


the counter 
will 
start 
counting 
only 
with 
the 
occurrence 
of 


the first negative edgeof the Clock. 
Binary Select inputs A, B, C, and D select the flip-flop 
stageto be connected to the output. 
Decode Out output 
can either be connected directly to a flip-flop 
output or 
to the monostable output. Osc Inhibit 
input can be used 


to disable the on-chip 
RC oscillator 
to allow very low 


power standby operation. Mono In input is used as the 
timing 
pin for the on-chip monostable oscillator. 
If the 


Mono 
In 
input 
is grounded 
through 
a resistor, 
the 
mono- 


stable 
circuit 
is 
disabled 
and 
the 
output 
is connected 
directly 
to the selected flip-flop_ The monostable circuit 


is enabled 
if a resistor 
is connected 
between 
this 
pin 
and 


VOO 
and 
a 
capacitor 
connected 
between 
this 
pin 
and 


ground. Any desired pulse width can be achieved depend- 
ing upon the value of the Rand C selected_ 


The test mode configuration 
divides the 24 flip-flop 


stages 
into 
three 
8-stage 
sections 
to 
facilitate 
a fast 
test 
sequence. This test mode is enabled when 8-Bypass, Set 
and Resetare at a "1" 


FIGURE 2 - TIME INTERVAL 
CONFIGURATION 
USING 
EXTERNAL 
CLOCK; RESET ANO OUTPUT 
MONOSTABLE TO ACHIEVE A PULSE OUTPUT 


t-j r- 


JL 


1 
f::::=:- 
-2.3RTCC 


AS" 2 RTC 


f in Hz, R in ohms. 
C in Farads. 


~ 
zo~~ 
o 


~ 
-4.0 
_ 


o 
~ 
-8.0 


RTe = 56 kn, {-- 
RS '" 0, f '" 10.15 kHz@Van= 
10 V, TA = 250C 


-16 
C=1000pF 
---AS=120kH,f=7.8kHz@VOO=10V,TA"250C 


-55 
-15 
° 
15 
50 
75 
100 
115 


~ 
20 


~ 
'0 
~ 
a:: 
5.0 
~ 
~ 
2.0 
:5 
-l1.0 


~ 
0.5 


f asafunction 


of ATe 


IC ~ 1000 .F, 


IRS ~ lRTCI 


0.1 
° '1.0 
k 


00001 


10 k 
100 k 


RTC, RESISTANCE (OHMS) 
0.001 
0.0' 


C, CAPACITANCE "''' 


FIGURE 6 - 
TYPICAL 
Cx versus PULSE WIOTH @VOO = 5.0 V 


100 


Formula lor calculating rw In 


microseconds 
is as follows: 


rw ~ 0.00147 RX. 
CXO,85 


Where 
AX is in kn. eX in pF. 


100 


j 
'" 


10 
.... 
0~~~~ 
~ 1.0 


= 


Formula 
lor calculating 
fIN in 
-- 


- 
microsecondsisaslollows: 
== 


rw· 0,00147 RX. 
CXO.85 


Where RX is in kH. eX in pF. 


RX=100kn 
RX'" 50kn 
.....- 


RX:: 
10 kn 


AX'" 
5 kn 
TA" 25°C 
Van= 
15V 
I I 


100 


j 
10 
'" 
.... 
0~~~~ 


;<; 
1.0 


== 


-'- 


Formula 
tor calculating 
rw In 
mIcroseconds 
rs as follows: 
II 
./ 
rw ~ 0,00147 
RX. 
CXO.85 
- 
Where AX is In kU, eX In pF. 
IV' 


- 
i 


RX = 100 kH 


RX = 50 kH 
./ 


RX = 10 k!! 


RX:: 
5 kH 
I 
TA= 25DC 
VOO"0V 
- 
I 
I 


ThiS 
deVIce 
contams 
ClrCUltrv 
to 
protect 
the 
Inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or 
electriC 
fields; 
however. 


It 
IS adVised 
that 
normal 
precautions 
be 


taken 
to 
avoid 
applIcation 
of 
any 
voltage 


higher 
than 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For 
proper 


operatIOn 
It IS recommended 
that 
VIO and 


VOU1 
be constrained 
to 
the 
range 
VSS ~ 


(V in or Vout) 
" 
VOO· 


Unused 
Inputs 
must 
always 
be tied 
to an 
appropriate 
logiC voltage 
level 
(e.g., 
either 
VSS 0' VOOI. 


FIGURE 9 - 
POWER DISSIPATION 
TEST 
CIRCUIT 
AND WAVEFORM 


vDD 


Test 
function 
(Figure 
11) 
has been 
included 
for 
the 


reduction 
of 
test 
time 
required 
to exercise 
all 24 counter 
stages. This 
test 
function 
divides 
the 
counter 
into 
three 
8-stage sections 
and 255 counts 
are loaded 
in each of the 
8-stage sections 
in parallel. 
All 
flip-flaps 
are now 
at a "1" 


The 
counter 
IS now 
returned 
to 
the 
normal 
24~stages in 
series configuration. 
One 
more 
pulse 
;s entered 
into 
Inl 


which 
will 
cause the counter 
to ripple 
from 
an all "," 
state 
to an all "0" 
state. 


INPUTS 
OUTPUTS 
COMMENTS 


Decade 
Out 
Inl 
Set 
Reset 
8 Bypass 
Ql thru 024 
All 24 stages 
are in Reset mode. 


1 
0 
1 
1 
0 


1 
1 
1 
1 
0 
COunter 15In three 8 stage sections In parallel 
mode 


0 
1 
1 
1 
0 
First 
"'" 
to "0" 
transition 
of clock 


1 
0- 
1 
1 
1 
255 "'" 
to 
"0" 
tranSitions 
are clocked 
In the counter 


0 
1 
1 
1 
1 
The 255 "1" 
10 "0" 
tranSition 


COunter converted 
back to 24 stages In series mode 


0 
0 
0 
0 
1 
Set and Reset must be connected 
together 
and Simultaneously 
go 


fro'T1 "'" 
to "0" 
, 
0 
0 
0 
1 
In1 SWItches to a "1". 


0 
0 
0 
0 
0 
Counter 
RIpples from 
an all "1" 
state to an all "0" 
state 


The MCM14537 is a static random accessmemory (RAM) organ- 
ized in a 256 x 1-bit pattern and constructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure. The circuit consists of eight addressinputs (An!. one data 
input (Din!. one write enable input (WE), one strobe input (ST), two 
chip enable inputs (CEn), and one data output (Dout)- 
Using both chip enable inputs asextensions of the addressinputs, 
a la-bit 
address schememay be employed. Four MCM14537 devices 
may be used to comprise a 1024·bit memory without 
additional 
addressdecoding. The CE and ST inputs are dissimilary designed to 
enable usageof the memory in a variety of applications. An output 
latch is provided on the chip for storing the data read or written into 
memory, 
making a data-out storage register unnecessary_The CE 
inputs control 
the data output 
for third-state (high output 
Imped- 
ance) or active operation which makes the memory very useful in a 
bus oriented system_When CE2 is high the chip is fully disabled_ 
When CE1 is high the output 
is in the third state but data can be 
written 
into the output 
latch during a read cycle. This enables the 
use of the memory for fast reading by using the CE1 input to enable 
the latch. The memory is also designed so that dc signalscan operate 
the memory with no maximum pulse width required on the CE and 
ST lines. 


Medium speed operation 
and micropower 
operation 
make the 
device useful in scratch pad and buffer applications where micro- 
power or battery operation and high noise immunity 
are required. 


• 
Quiescent Current = 0.5 /-lA/package typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
3-state Output Capability for Memory Expansion 


• 
Output Data Latch Eliminates Need for Storage Buffer 


• 
AccessTime = 700 ns typical 
@ VDD = 10 Vdc 


• 
Fully Decoded and Buffered 


• 
Supply Voltage Range= 3.0 Vdc to 1BVdc 


• 
Capable of Drivi~ 
Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


MAXIMUM 
RATINGS (Voltagesreferencedto VsSI 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage. 
All Inputs 
Vin 
-{).5 to VOO+ 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 '0 +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
T $19 
-65'0+150 
°c 


256-BIT 
(256 X 1) STATIC 
RANDOM 
ACCESS MEMORY 


,,~ 


1 


SuffiX 
Denotes 
r~:L 
Ceramic Package 


Extended 
Operating 
Temperature 
Range 
Llmtted Operating 
Temperature 
Range 


16 


15 


14 


4 
eEl 
13 


5 
12 


6 
" 
10 
8 
A6 
9 


This 
device 
contains 
circuitry 
to 
protect 
the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
hO'NE!ver. it 
is 
advised 
that 
normal 
precautions 
be taken 
to avoid 
application 
of any voltage 
higher 
than 
maximum 
rated voltages to this high 
impedance 
circuit. 
For 
proper 
operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
"" (Vin 
or 
Voutl 
"" VOO' 


Unused 
inputs 
must 
always 
be tied 
to an 
appropriate 
logic voltage 
level (e.g., either 
Vssor VOOI. 


Voo 
Tlow. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ 
Max 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
_. 
0 
0.05 
- 
0.05 
Vdc 


Vin - VooorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
a or VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Noise Immunity 
Ii 
VNL 
Vdc 


(,Wout 
" 0.8 Vdcl 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 


(IN out" 
1.0 Vdcl 
10 
3.0 
- 
3.0 
4.50 
- 
2.9 
- 


(I\Vout 
" 1.5 Vdcl 
15 
4.5 
- 
4.5 
6.75 
- 
4.4 
- 


(,\Vout 
" 0.8 Vdcl 
VNH 
5.0 
1.4 
- 
1.5 
2.25 
- 
1.5 
- 
Vdc 
("Vout" 
1.0 Vdcl 
10 
2.9 
- 
3.0 
4.50 
- 
3.0 
- 


(:\V out" 
1.5 Vdc) 
15 
4.4 
- 
4.5 
6.75 
- 
4.5 
- 


Output 
Drive Current 
(AL Devicel 
'OH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH ·4.6 
Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH ·9.5 
Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH • 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL· 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL· 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Devicel 
'OH 
mAde 
(VOH ·2.5 
Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
- 1.7 
- 
-0.6 
- 


(VOH ·4.6 
Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH • 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH· 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL· 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL· 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL· 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Inpul 
Current 
IAL 
Device) 
lin 
15 
- 
to 
1 
- 
to.aOOO1 
.10.1 
- 
t 1.0 
j.lAdc 


Input Current 
{CLlCP 
Devicel 
lin 
15 
- 
.1:1.0 
- 
'0.00001 
11.0 
- 
114 
jJ.Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin' 
01 


Quiescent Current 
IAL 
DeVice) 
'00 
5.0 
- 
100 
- 
0.5 
100 
- 
1800 
jJ.Adc 


(Per 
Package) 
10 
- 
200 
- 
1.0 
200 
- 
3600 
15 
400 
- 
1.5 
400 
- 
7200 


QUtescent 
Current 
ICLlCP 
DeVice) 
'DO 
5.0 
- 
100 
- 
0.5 
100 
- 
1800 
jolAdc 


(Per 
Package) 
10 
- 
200 
- 
1.0 
200 
- 
3600 
15 
- 
400 
- 
1.5 
400 
- 
7200 


Total Supply Current-· 
t 
IT 
5.0 
'T· 
(1.46 ~A/kHzl 
f + 100 
jJ.Adc 
(Dynamic 
plus Quiescent, 
10 
'T " (2.91 ~A/kHzl 
f + 100 
Per Package) 
15 
'T· 
(4.37 ~A/kHz) 
f + 100 
ICL '" SO pF on all outputs, all 
buffers SWitching) 


Three-State 
Leakage Current 
ITL 
15 
- 
to.l 
- 
-0.00001 
t 0.1 
- 
±3.0 
.uAdc 
(AL Device) 


Three-State 
Leakage Current 
ITL 
15 
- 
".0 
- 
-0.00001 
.1.0 
- 
n.5 
.uAdc 
(CLlCP 
Device) 


-Tlow 
'" -SSoC for AL Device, -400C 
for CLlCP 
Device. 


Thigh"" +12SoC for AL Device. +8SoC for CLlCP 
Device. 
J:::Noiseimmunity 
spet:ified for worst-case input combination. 


Noise Margin for both "1" 
and "0" 
level'" 
1.0 Vdc min @ VDO 
'" S.O Vdc 
2.0 Vdc min@ VOO 
• 10 Vdc 
2.5 Vdc min@VOO 
·15 
Vdc 
tTo calculate total supply current at loads other than 50 pF: 


'T(CL) 
• 'T(50 pF) + 1 • 10-3 (CL -50) VOOI 
where: 
IT is in.uA (per package). CL in pF, VOD 
in Vdc. and f in kHz is input frequency. 
- -The 
formulas given are for the typical characteristics only·at 
25°C. 


Characteristic 
Figure- 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
3 
'TLH 
ns 
'TLH: 
13.0 ns/pF} CL + 30 ns 
5.0 
- 
180 
360 


'TLH 
= 11.5 ns/pF) 
CL + 15 ns 
10 
- 
90 
180 
'TLH 
= 11.1 ns/pF} CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
3 
'THL 
ns 
'THL 
= 11.5 ns/pF} CL + 25 ns 
5.0 
- 
100 
200 
'THL 
= 10.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 
'TH L = 10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Read AccessTime from ST or CE2 
4,5 
tacc(R) 
ns 
'ace: 
11.4 ns/pF) 
CL + 2480 ns 
5.0 
400 
2500 
6000 
'ace 
= 10.7 ns/pF) 
CL + 690 ns 
10 
150 
700 
2000 
'ace 
= 10.5 ns/pF) 
CL + 393 ns 
15 
115 
400 
1500 


Output Enable Delay from CEl or CE2 
5,6 
tacc(CEn) 
5.0 
70 
300 
900 
ns 


10 
25 
100 
300 


15 
20 
70 
225 


Setup Time from An to ST or CE2 
4,5,6,7 
'sulA) 
5.0 
1800 
600 
- 
ns 


10 
600 
200 
- 


15 
450 
140 
- 


Hold Time from An to ST or CE2 
4,5,6,7 
'hlA) 
5.0 
600 
200 
- 
ns 


10 
240 
80 
- 


15 
180 
55 
- 


Data Hold Time 
7 
'hiD) 
5.0 
1400 
480 
- 
ns 


10 
500 
160 
- 


15 
375 
110 
- 


Data Setup Time 
7 
tsu(Dl 
5.0 
3600 
1200 
- 
ns 


10 
1800 
600 
- 


15 
1350 
420 
- 


Write Enable Hold Time 
7 
'hIWE) 
5.0 
150 
50 
ns 


10 
60 
20 
- 


15 
45 
15 
- 


Write Enable Setup Time 
7 
'sulWE) 
5.0 
720 
240 
ns 


10 
240 
80 
- 


15 
180 
55 
- 


Write Enable to Dout Disable·· 
4 
'WE 
5.0 
720 
240 
- 
ns 


10 
240 
80 
- 


15 
180 
55 
- 


Strobe or CE2 PulseWidth When Reading 
4,5,6 
'WLIRI 
5.0 
1350 
450 
- 
ns 


10 
450 
150 
- 


15 
340 
100 
- 


Strobe, CE 1 or CE2 PulseWidth When Writing 
7 
'WLIW) 
5.0 
2400 
1200 
- 
ns 


10 
1260 
600 
- 


15 
945 
420 
- 


Write Recovery Time 
4 
IRIW) 
ns 
IW = 11.4 ns/pF) 
CL + 219 ns 
5.0 
70 
240 
720 
IW = 10.7 ns/oF) 
CL + 70 ns 
10 
25 
80 
240 
IW = 10.5 ns/pF) 
CL + 47.5 ns 
15 
20 
55 
180 


GEl or CE2 to Dout Disable Delay·· 
6 
tCEn 
5.0 
70 
300 
900 
ns 


10 
25 
100 
300 


15 
20 
70 
225 


Read Setup Time 
4,5 
'sulR} 
5.0 
0 
-100 
- 
ns 


10 
0 
-40 
- 


15 
0 
-30 
- 


Read Hold Time 
4,5 
'hlR) 
5.0 
540 
180 
- 
ns 


10 
240 
60 
- 


15 
180 
45 
- 


Read Cycle Time 
4,5 
'cyeIR) 
5.0 
- 
2500 
6000 
ns 


10 
- 
700 
2100 


15 
- 
500 
1575 


Write Cycle Time 
7 
leyelW) 
5.0 
- 
1400 
4800 
ns 


10 
- 
700 
2100 


15 
- 
500 
1575 


Voo 


AO 


A' 


A2 


A3 


A4 


A5 


A6 
Dout 
A7 


ST 


WE 


CE' 


VOO 
0' 
CE2 
SW, 
Din 


VSS 
02 


Output 
Source 
Output 
Sink 


Input 
Characteristics 
Characteristics 


WE 
Pulse Once 
Pulse Once 


Din 
SW1 in Position 
1 SW1 in Position 
2 


VGS 
-VOD 
VOO 


VOS 
Vout-VOD 
Vout 


\~-- 
Pulse 
(~ 


Generator 
, 


AO 


A' 
A2 


A3 


A4 


A5 


A6 
Dout 


A7 


ST 


WE 


CE' 


CE2 


Din 


VSS 


Pulse 
Generator 


2 


Output 
(Dcut) 
-------\~ 
~I 


9 Voo 


AO 


A' 
A2 


Pulse 
A3 
Generator 
, 
A4 


A5 


A6 
Dout l' 


A7 


P.G.2 
ST 


P.G.3 
WE 
P.G.4 
CE1 


P.G. 5 
CE2 


P.G. 6 
Din i VSS 


Address 
Inputs 
(AnI 


MCM14537 -X 
Voo 


--J 
~ 
'~----------'-'U-(-A-I---------t'-~-h-(A-) 
------VSS 


NOTES: 
, 
High impedance output 
state occurs when W'Eis maintained 
as a logical 


"0" 
(low level) 


The output 
momentarily 
displays data from 
the previous state. 


For read operation, 
WE may be maintained 
at a logical "'" 
(high level) 
during 
the complete 
cycle. 


4 
CE' 
and CE2 are maintained 
at a logical "0" 
state (low level). 


5 
All input 
rise and fall times are 20 ns. 


----------------------- 
----------VOO 


Add'." =;j< 
~ 
Inputs. 
50% 


(An) 
~------',-U-IA-1 ----------'-h-IA-1 
--------- 
VSS 


tWL(Al) 


G 


hlRI 
~------- 
VOO 


G) 
~_"_o 
_ 


VSS 


NOTES: 
, 
High Impedance output 
state occurs when CE 1 or CE2 is maintained 
in the logIcal "'" 
state (hIgh level). 


2 
The output 
momentarily 
displays data from 
the previous state. 


3 
For read operation, 
WE may be maintained 
at a logical "'" 
(high level) 
during 
the complete 
cycle. 


4 
All input 
I lse and fall times are 20 ns. 


5 
lWL(Al1 
~ tacc {AI 
max 


Address 
Inputs 
(An) 


Address 
Inputs 
(An) 


Strobe 
or 
CE1 or CE2 


CST. CE 1, CE2) 


~--------VDD 
~ 
=1 


0% 


~------------------- 
~-------- 
VSS 


'sulAI 
_'hiAi 


tWUR2) 


NOTES' 
1 
High impedance 
output 
state occurs when CE 1 or CE2 is maintained 
in the logical "1" 
state (high level). 
WE 
is maintained 
at the logical 
"1" 
state for this example. 


All input 
rise and fall times are 20 ns 


tdelay(CE2) 
minimum 
assuares that only 
data presently 
addressed 


will 
appear at the output. 


tdelay(CE2) 
min. 
'= taceR max. - 
tacc{CE 1I min. 


5 
tWL(R2) 
~tdelay 
(CE2) 
mtn 
+ 
tacc (CEn) max 


~ 


~rO-%--------- 
VDD 


~----------------------/I"'--------- 
VSS 
I:~------'CVCIWI 
"I 
tsu(A) 
tWL(W).. 
th(A)~1 


;t'·" 
50% 


@ {" 
',ulWE) 


""0')( 


~VDD 


VSS 


;- 
~-% 
-<2l-- 


VOH 


---------------- 
VOL 


NOTES: 
1 
The Strobe, 
eE1 and CE2 may be utilized 
to control 
a write 
cycle, 


however, 
during 
changes of address either 
Strobe 
or CE2 must 
be in the logical "1" 
state (high 
level). 


2 
Data input 
logic level is don't 
care during 
the indicated 
intervals. 


3 
Data input 
logic level must remain 
fixed. 


4 
Write 
Enable may be maintained 
as a logical "0" 
during 
the write 
eve Ie. 


5 
All 
input 
rise and fall times are 20 ns. 


16 x 16 x 1 


Memory 
Array 


IL 
_ 


FUNCTION 
CEl 
CE2 
ST 
WE 
Din 
Dout 
COMMENTS 


X 
X 
1 
X 
X 
R/A 
O--C..UJ 
will 
be acti~e~if CE' 
and 


Address changing 
CE2 
~ "0" 
and WE::: ",". 


valid 
CE2:o 
",", 
fully 
disables internal 
X 
1 
X 
X 
X 
R 
logic and output. 


Address changing 
X 
0 
0 
X 
X 
R/A 
Changing address in this mode 
not valid 
may result 
In altered data. 


1 
X 
X 
X 
X 
R 
CE' 
= 
"'" 
disables write 
cycle 
Dout 
disabled in 
and Dout' 


hIgh resistance state 
X 
1 
X 
X 
X 
R 
The chip is fully 
disabled. 


WE = "0" 
enables writing 
into 


X 
X 
X 
0 
X 
R 
memory 
if CE " 
CE2, and 
Sf::: "0" 


Dout enabled in 
If ST '" ""', 
the output 
stores 
0 
0 
X 
1 
X 
A 
and reads the previous data 
active state 
from 
or written 
into 
memory. 


0 
0 
0 
1 
X 
A 
The output 
reads the present 
contents 
that are addressed. 
Read addressed 
The addressed location 
is read 
memory 
location 
, 
0 
0 
1 
X 
R 
into output 
latch with 
output 
in 
into 
output 
latch. 
the "R" 
state. 


Disable reading 
X 
1 
X 
X 
X 
R 
Address changing can take 


from 
memory 
X 
X 
, 
X 
X 
R/A 
place in this condition. 


Write into 
memory 
0 
0 
0 
0 
A 
R 
Din is written 
into 
memory 


and into 
the output 
latch 


Write disabled 
, 
X 
X 
X 
X 
R 
WE 
:0 
•• ," 
is a read enable. 


X 
1 
X 
X 
X 
R 
WE ::: "0" 
is a write 
enable. 


X 
X 
1 
X 
X 
R/A 


X 
X 
X 
1 
X 
R/A 


R 
:0 High reSIstance state at Dout 


A'" 
An active level of either 
VSS'or 
VOO 


AlA'" 
An A or A condition 
depending 
on the don't 
care condition 
X "" Don't 
care condition 
(must be in the .. ," 
or "0" 
state) 


, 
= A high level at VOO 


0'" 
A low level ilt VSS 


I 
I 
I 
I 
I 
I 
I 
_ __ 
J 


10-8;' 
{ 
Address 
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DUAL 
PRECISION 
RETRIGGERABLE/RESETTABLE 
MONOSTABLE 
MUL TIVIBRATOR 


The MC14538B 
is a dual, retriggerable, resettable monostable 
multivibrator. 
It may be triggered from either edge of an input pulse, 
and will 
produce an accurate output 
pulse over a wide range of 
widths, 
the duration 
and accuracy of which are determined by the 
external timing components, Cx and RX. Linear CMOS techniques 
allow more precise control of output pulse width. 


• 
±1.0% Typical Pulsewidth Variation from Part to Part 


• 
±0.5% Typical Pulsewidth Variation over Temperature Range 


• 
New Formula: T = RC IT in seconds, R in ohms, C in faradsl 


• 
PulseWidth Range= 10 j1S to ~ 


• 
Symmetrical Output Sink and Source Capability 


• 
Latched Trigger Inputs 


• 
Separate Latched Reset Inputs 


• 
Quiescent Current (Standby I = 5.0 nA/package typical 
@ 5 Vdc 


• 
3.0 Vdc to 18 Vdc Operational Limits 


• 
Triggerable from Positive or Negative-Going Edge 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range 


• 
Pin-for-pin Compatible with MC14528B and CD4528B ICD40981 


• 
For PulseWidths LessThan 10 j1s the MC14528B is Recommended 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 
to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
-55 to +125 
OC 
CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
OC 


This 
device 
contains 
circuitry 
to protect 
the inputs 
against 
damage 
due to high 
static voltages or electric fields; 
however, 
it is advised that normal precautions 
be taken to avoid application 
of any voltage higher than maximum 
rated voltages 
to this hig,·impedance 
circuit. 
For proper 
operation 
it is recommended 
that 
Vin 
and Vout 
be constrained 
to the 
range 
VSS ~ 
(Vin or Vout) 
~ VOO. 


Unused 
inputs 
must 
always 
be tied to an appropriate 
logic voltage 
level (e.g., either 
VSS or VOOJ. 


MC14538B 


DUAL 
PRECISION 


RETR IGGE RABLE/RESETTABLE 
MONOSTABLE 
MULTIVIBRATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC' 
4XXXB ~SU~fixc.=:,:t::Ckag. 


L. P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Voo 
Tlow* 
250C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"a .. Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin:; VOO or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin:; 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" 
Level 
VIL 
Vdc 


(Va = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vdc 
(Va = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(Va = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (CUe? 
Device) 
10H 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


IVOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current, 
Pin 2 or 14 
lin 
15 
- 
±0.02 
- 
±0.00001 
±.05 
- 
'0.5 
J,l.Adc 


Input Current, 
Other Inputs (AL Device) 
lin 
15 
- 
±0.1 
- 
±0.00001 
±0.1 
- 
±1.0 
~Adc 


Input Current. 
Other Inputs (CUe? 
Device) 
lin 
15 
- 
±O.3 
- 
±0.00001 
±0.3 
- 
±1.0 
/.lAde 


Input Capacitance. Pin 2 or 14 
Cin 
- 
- 
- 
- 
25 
- 
- 
- 
pF 


Input Capacitance, Other Inputs 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 0) 


Ouiescent Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CUe? Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.Q15 
80 
- 
600 


Quiescent Current, 
Active State 
100 
5.0 
- 
- 
- 
35 
- 
- 
- 
j.lAdc 
(01 = Logic 1) 
10 
- 
- 
- 
80 
- 
- 
- 
(02 = Logic 0) 
15 
- 
- 
- 
125 
- 
- 
- 


·-Total 
Supply Current at an external 
load 
IT 
capacitance 
(CLI and at external 
5.0 
IT = (3.5 x 10-2) 
RXCXf 
+ 4Cxf 
+ 1 x 10-5 CLf 


timing network 
(RX, 
CX) 
10.0 
IT = (8 x 10-2) 
RXCXf 
+ 9CXf + 2 x 10-5 CLf 
15.0 
IT = (1.25 x 10-1) 
RxCxf 
+ 12Cxf 
+ 3 x 10-5 eLf 
where: 
IT in JJA (one monostable switching only), 


Cx in JJF, CL in pF, AX in k ohms, and 
f in Hz is the input frequency. 


-Tlow::: 
-550C 
for AL Device, -40oC for CL/CP Device. 


Thigh::: +1250C 
for AL Device, +850C for CLlCP Device. 


#Noise immunitY 
specified for worst-case input combination. 
Noise Margin both "1" and "0" level::: 1.0 Vdc min@ 
VDO::: 
5.0 Vdc 
2.0 Vdc min @VDO = 10 Vdc 
2.5 Vdc min@VDO· 
15 Vdc 
"The 
formulas given are for the typical characteristics only at 25OC. 


All Types 


VOO 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH 
= 11.35 ns/pFI 
CL + 33 ns 
5.0 
- 
100 
200 


tTLH 
= 10.60 ns/pFI 
CL + 20 ns 
10 
- 
50 
100 


tTLH 
= 10.40 ns/pFI 
CL + 20 ns 
15 
- 
40 
80 


Output Fall Time 
tTHL 
ns 


tTHL 
= 11.35 ns/pFI 
CL + 33 ns 
5.0 
- 
100 
200 


tTHL 
= 10.60 ns/pFI 
CL + 20 ns 
10 
- 
50 
100 


tTHL 
= (0.40 ns/pFI 
CL + 20 ns 
15 
- 
40 
80 


Propagation Oelay Time 
tPLH. 
ns 


A or 8 to a or Q 
tPHL 


tpLH. 
tpHL 
= 10.90 ns/pFI 
CL + 255 ns 
5.0 
- 
300 
600 


tPLH. tpHL 
= (0.36 ns/pFI 
CL + 132 ns 
10 
- 
150 
300 


tpLH. 
tPHL 
= (0.26 ns/pFI 
CL + 97 ns 
15 
- 
100 
220 


Co to aorQ 
ns 


tPLH. 
tPHL 
= 10.90 ns/pF) 
CL + 205 ns 
5.0 
- 
250 
500 


tPLH. 
tPHL 
= 10.36 ns/pF) 
CL + 107 ns 
10 
- 
125 
250 


tPLH. tPHL 
= (0.26 ns/pFI 
CL + 82 ns 
15 
- 
95 
190 


Minimum Input PulseWidth 
tWH. 
5.0 
- 
35 
70 
ns 


A, 8 or Co 
tWL 
10 
- 
30 
60 


15 
- 
25 
50 


Minimum Retrigger Time 
trr 
5.0 
0 
- 
- 
ns 


10 
0 
- 
- 


15 
0 
- 
- 


Output PulseWidth - 
a or 6 
T 
~s 


Refer to Figure 9 for other values of RX and CX. 


Cx 
= 0.002 ~F. RX = 100 kn 
5.0 
210 
222 
234 


10 
212 
224 
236 


15 
214 
226 
238 


Cx 
= 0.1 ~F. RX = 100 kn 
5.0 
9.3 
9.86 
10.4 
ms 


10 
9.5 
10 
10.5 


15 
9.6 
10.14 
10.7 


Cx 
= 1O~F. 
RX = 100 kn 
5.0 
0.915 
0.965 
1.015 
s 


10 
0.93 
0.98 
1.03 


15 
0.94 
0.99 
1.04 


PulseWidth Match between circuits in 
100lTl 
- 
T21 
5.0 
- 
±1 
- 
% 


the s~me package. 
--T-l- 
10 
- 
±1 
- 


Cx 
= 0.1 ~F. RX = 100 kn 
15 
- 
±1 
- 


External Timing Resistance 


External Timing Capacitance 


Voo ~,, 


R 
Q 
Output 


Latch 


S 
Q 


CL 1: 


CL 1: = 


CL 1: = 


CL 1: - 


CL :I 


CL 1: - 


CL:I 
= 
CL:I 
- 


CHARACTERISTICS 
Co 
A 
8 


tPLH. 
tPHL, 
tTLH, 
tTHL. 
VOO 
PGl 
VOO 
T.tWH, 
tWL 


tPLH, 
tPHL. 
tTLH. 
tTHL. 
VOO 
vSS 
PG2 
T, tWH. 
tWL 


tpLHIR)_ 
tpHLIR)_ 
PG3 
PGl 
PG2 


tWH. 
tWL 


NOTE: 
Switching 
test 
waveforms 


for 
PG1, 
PG2. 
PG3 
are shown 


in Figure 
4. 


uz~~ 
=> 
~ 
1.0 
o 


I 
I 
I 
I 


0%POINTPUlS'EWIOTH_ 
Voa'" 
5V,T=9.8ms 
_ 


VOO"'10V.T"lOms 
VOO=15V,T:10.2ms 
- 


o 
~ 
0.8 


~ 
0.6 


~ 
0.4 
> 
i= 


~ 
0.2 
~ 


I 
\ 
I 
\ 


I 
\ 
\ 
\ 


=== 
== 


I--- RX 
== 100 kH, Cl '"50 pF 


ONEMoNOSTABlE SWITCHINGoNl y 


.1 
/ 


VOO' 15 V_ 
,.< 


5V 
10 V 


/ / 
f~ 


100 
« 
.3... 
::0~~ 
=>u 
10 
~ 
~ 


~ 
1.0 


RX" 
100 k~! 
ex" 
0.1 pF 
- 
-- 
-- 
- 
- 


- 
- 
- 
- -- 


I 


f--- _RX 
I 
'100k!, 
I 
ex = 0.1 
/.IF 
VoO' 
15 V 


v'oo'IL- 
I---- 


--- 
V'OO· 5V 
-- 
- 


-10 
10 
40 
60 
80 


TA, AMBIENTTEMPERATURElOCI 


RX = 100 kH 
Cx •. 001"F 
--= 
----- ~ 
---- 


----f--' 


---- ~ ---- 


_VOO'15':'- 
_V 
~ 
,./ 


VOO• 10:'--- - 


,./ V 


Voo·5.0V 
_ - 
----I-- 


o 
® 
0 
_n 
rLJl~_n'____ 


@1_- 


® 
cD-----------U 


LJ 


CD 
Positive 
edge trigger 
@ 
Negative 
edge trigger 
® Positive 
edge trigger 


TRIGGER 
OPERATION 
The 
block 
diagram 
of 
the 
MC145388 
is shown 
in 
Figure 
1, with 
circuit 
operation 
following. 


As shown 
in Figures 
1 and 
10, before 
an input 
trigger 
occurs, 
the 
monostable 
is in the quiescent 
state 
with 
the 
a output 
low, 
and 
the 
timing 
capacitor 
Cx completely 


charged 
to 
VDD. 
When 
the 
trigger 
input 
A goes 
from 
VSS to VDD 
(while 
inputs 
8 and 
CD are held to VDD) a 
valid 
trigger 
is recognized, 
which 
turns 
on 
comparator 


C1 and 
N·Channel 
transistor 
N 1 CD. At the same time the 


output 
latch 
is set. 
With 
transistor 
N 1 on, the capacitor 


Cx rapidly 
discharges 
toward 
VSS until 
Vref 
1 is reached. 


At 
this 
point 
the 
output 
of comparator 
C1 changes 
state 
and transistor 
N1 turns 
off. Comparator 
C1 then 
turns 
off 
while 
at 
the 
same 
time 
comparator 
C2 turns 
on. 
With 


transistor 
N 1 
off, 
the 
capacitor 
Cx 
begins 
to 
charge 
through 
the 
timing 
resistor, 
Rx, toward 
VDD. 
When 
the 


voltage 
across 
Cx equals 
V ref 2, comparator 
C2 changes 
state, 
causing 
the 
output 
latch to reset (0 goes low) while 
at the 
same 
time 
disabling 
comparator 
C2 (2). This ends 


the 
timing 
cycle 
with 
the 
monostable 
in the 
quiescent 
state, 
waiting 
for the next trigger. 
It should 
be 
noted 
that 
in the 
quiescent 
state 
Cx is 
fully 
charged 
to VDD causing 
the current 
through 
resistor 
Rx to be zero. 
80th 
comparators 
are "off" 
with the total 


Ln__ 


f--T~ 
o Positive 
edge re-trigger 
(pulse 
lengthening) 


® 
Reset 
(pulse shortening) 


device 
current 
due 
only 
to reverse 
junction 
leakages. 
An 
added 
feature 
of the MC145388 
is that 
the output 
latch 
is 
set 
via the 
input 
trigger 
without 
regard 
to the capacitor 


voltage. 
Thus, 
propagation 
delay 
from 
trigger 
to a is 


independent 
of the value 
of Cx, Rx, or the 
duty 
cycle of 
the input 
waveform. 


RETRIGGER 
OPERATION 
The 
MC145388 
is retriggered 
if a valid 
trigger 
occurs 
Q)followed 
by another 
valid trigger@)beforethe 
a output 
has returned 
to the 
quiescent 
(zero) 
state. 
Any 
retrigger, 


after 
the 
timing 
node 
voltage 
at pin 2 or 14 has begun 
to 


rise 
from 
Vref 
1, 
but 
has not 
yet 
reached 
Vref 
2, will 
cause 
an 
increase 
in output 
pulse 
width 
T. When 
a valid 
retrigger 
is initiated 
@), the voltage 
at T2 will again drop 


to Vref 
1 
before 
progressing 
along the 
RC charging 
curve 
toward 
VDD. 
The a output 
will remain 
high until 
time T, 


after 
the last valid retrigger. 


RESET OPERATION 
The 
MC145388 
may 
be reset 
during 
the 
generation 
of 
the output 
pulse. 
In the reset mode 
of operation, 
an input 


pulse 
on CD sets the 
reset 
latch 
and causes 
the 
capacitor 
to be fast charged 
to VDD 
by turning 
on transistor 
P1@. 


When 
the 
voltage 
on 
the 
capacitor 
reaches 
Vref 
2, the 


reset 
latch 
will 
clear, 
and 
will 
then 
be ready 
to 
accept 


another 
pulse. 
If the 
CD input 
is held 
low, 
any 
trigger 
inputs 
that 
occur 
will be inhibited 
and the 
Q and Q out· 


puts 
of 
the 
output 
latch 
will 
not 
change. 
Since 
the 
Q 


output 
is reset 
when 
an input 
low level is detected 
on the 


CD input, 
the 
output 
pulse 
T can 
be made 
significantly 


shorter 
than 
the 
minimum 
pulse 
width 
specification. 


POWER-DOWN 
CONSIDERATIONS 
Large capacitance 
values can cause 
problems 
due to the 


large amount 
of energy 
stored. 
When a system 
containing 


the 
MC14538B 
(or 
MC14528B) 
is powered 
down, 
the 


capacitor 
voltage 
may 
discharge 
from 
V DD through 
the 


standard 
protection 
diodes 
at pin 2 or 14. Current 
through 


the 
protection 
diodes 
should 
be limited 
to 
10 mA 
and 


therefore 
the discharge 
time 
of the VDD supply 
must 
not 


be faster 
than 
(VDD)'(CI!(10 
mAl. 
For example, 
if VDD 


= 10 V and Cx = 10 pF, the VDD supply 
should 
discharge 


no 
faster 
than 
(10 
V) x (10 pFI!(10 
mAl 
= 10 ms. This 
is normally 
not a problem 
since power 
supplies 
are heavily 


filtered 
and cannot 
discharge 
at this rate. 


When 
a more 
rapid 
decrease 
of 
VDD 
to 
zero 
volts 


occurs, 
the 
MC14538B 
can 
sustain 
damage. 
To 
avoid 


this 
possibility, 
a protection 
resistor, 
Rp, can 
be 
placed 


between 
the capacitor 
Cx and pin 2 (or 14) of the device 


to 
limit 
the 
discharge 
current 
from 
the 
capacitor 
to the 


VDD supply. 
Internally, 
the protection 
diode 
is equivalent 


to 
a 
diode 
and 
resistor connected 
in series between 


pin T2 and VDD. 
The diode 
has a forward 
drop 
of 0.625 
V and the resistance 
is about 
250 n. 


To 
limit 
the 
discharge 
current 
to 
10 mA 
under 
con- 


ditions 
of 
instantaneous 
change 
of pin 
16 from 
VDD 
to 


VSS. Rp is calculated 
from 
the equation: 


R 
= (VDD -0.625V) 
-250 n 


p 
(0.010 
Amp) 


The 
pulse 
width 
formula 
now changes 
from 
T = RxCx 


to T = (Rx + Rpl Cx. Figure 
11 demonstrates 
the proper 
connection 
of the protection 
resistor. 


Voo 
Voo 


Cx 
AX 
Cx 
'''''''! 
VOO 


Falling 
Edge 


Trigger 


VOO 


VOO 


NC 


Tl 
T2 


Q 
NC 


Q 
NC 


VOO 
Co 


VOO 
VOO 


@ MOTOROLA 


The MC14539B data selector/multiplexer 
is constructed with 
MaS P-channel and N-channel enhancement mode devicesin a single 


monolithic 
structure. 
The 
circuit 
consists 
of two 
sections 
of four 
in- 


puts each. One input from each section is selected by the address 
inputs A and B. A "high" 
on the Strobe input will causethe output 


to remain 
"low", 


This 
device finds 
primary 
application 
in signal multiplexing 
functions. It permits multiplexing from N-lines to I-line, and can also 
perform parallel-to-serial conversion. The Strobe input allows cas- 
cading of n-lines to n-lines. 


• 
Quiescent Current ~ 5.0 nA/package typical @ 5 Vdc 


• 
Noise Immunity = 45% of VDD typical 


• 
High Fanout 
> 50 


• 
Input Impedance = 1012 ohms typical 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 


ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-05to+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-05 
to VOO + 0.5 
Vdc 


DC Curlent 
Drain per Pm 
I 
10 
mAde 


Operating 
Temperature 
Range 
- AL 
DeVIce 
TA 
-55 to +125 
°c 


C LlCP 
DeVIce 
-40 to +85 


StoroJgc 
Temperature 
Rdnge 
T st9 
-65 
to + 150 
°c 


ADDRESS 
DATA 
INPUTS 


INPUTS 
X3 
X2 
Xl 
XO 
OUTPUTS 


B 
A 
Y3 
Y2 
Yl 
YO 
ST.ST' 
Z,W 


X 
X 
X 
X 
X 
X 
1 
a 
a 
a 
X 
X 
X 
a 
a 
a 
a 
a 
x 
X 
X 
1 
a 
1 
a 
1 
X 
X 
a 
x 
a 
a 
a 
1 
x 
X 
1 
X 
a 
1 


1 
a 
x 
a 
x 
x 
a 
a 
1 
a 
X 
1 
X 
X 
a 
1 
1 
1 
a 
x 
x 
x 
a 
a 
1 
1 
1 
X 
X 
X 
a 
1 


MC145398 


DUAL 4-CHANNEL 


DATA SELECTOR/MULTIPLEXER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASflC 
PACKAGE 


CASE 
648 


MC1.XXXB 
~SU~f;Xce::;:t::Cka.e 


L P 
PlastiC 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 


,. 
A 


B 
Z 


ST 
xo 


Xl 
• 
X2 


X3 


A 


B 
w 


15 
sr 
'0 
YO 
" 


y, 


,2 
Y2 


'3 
Y3 


VOD::O Pin 16 


VSS 
= Ptn 8 


Voo 
Tlow. 
25°C 
Thi h 


lO 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Tvp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


V,n 
VOO 
or 0 
10 
0.05 
- 
a 
0.05 
- 
0.05 


15 
- 
0.05 
.- 
a 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V,n 
o or Van 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Vottage;l 
"0" Level 
VIL 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
6.75 
4.0 
- 
4.0 


", 
.. Level 
VIH 


(VO 
0.5 
or 4.5 
Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1VO 
1.0 
or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 15 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH 
4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0 16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


1VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
± 0 1 
,0 00001 
±Ol 
• 10 
pAde 


Input 
Current 
(eLlep 
Device) 
lin 
15 
'03 
±O 00001 
'0 
3 
± 1.0 
j.JAde 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
pF 


(Vin 
01 


QUiescent 
CUirent 
(AL 
DeVice) 
100 
5.0 
50 
0.005 
5.0 
150 
,uAdc 


(Per 
Package) 
10 
10 
0.010 
10 
300 


15 
20 
0.015 
20 
600 


QUIescent 
Current 
(CLlCP DeVice) 
100 
50 
- 
20 
0.005 
20 
150 
pAde 


(Per 
Package) 
10 
- 
40 
0.010 
40 
- 
300 


15 
- 
80 
0.015 
80 
- 
600 


Total 
Supply 
Current-' 
't 
IT 
50 
IT = (0.85 ~A/kHzl 
f + IDO 
pAde 


(DynamiC 
plus 
Quiescent, 
10 
'T = 11.7 ~A/kHzll 
+ 
'DO 
Per 
Package) 
15 
IT = 12.6 ~A/kHzl 
f + 
'DO 
ICL 
50 
pF 
on 
all outputs, 
all 


buffers 
SWitching) 


"T1ow 
-550C 
for 
AL 
Device, 
-40oC 
for CUCP 
Device. 


Thigh 
t 125°C 
for 
AL 
Device. 
t850C 
for CUCP 
Oevlce 
. 


.:..:Nolse Immunity 
spec.:dled 
for 
worst·case 
input 
combination 


NOise 
Margin 
for 
both 
"1" and "a.. level 
= 1.0 Vdc 
min@ 
VDO 
""5.0 Vdc 


2.0 
Vdc 
min@ 
VOD 
-' 10 Vdc 


2.5 
Vdc 
min 
@ VOO 
-' 15 Vdc 


t To 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 
pF: 
ITleL' 
ITI50 pFI 
+ 2 x 10-3 ICL -501 VOOf 


where 
IT 
IS In}JA 
(per 
package). 
CL 
in pF, 
VOO 
in Vdc. 
and 
f In kHz 
is input 
frequency. 


"-The 
formulas 
gIven 
are 
for 
the 
typical 
charactenstics 
only 
at 25°C. 


T.his devIce 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to high 
static 
voltages 
or electric 
fields; 
however, 
it is ad- 


VISed that .nor~al 
precautions 
be t~ken.t~ 
avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high 
im- 


~ance 
CirCUIt. 
For 
proper 
operation 
It 
IS 
recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range 
VSS 
'l; 
(V in or 
Vout) 
DO· 


Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS 
or Voa). 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH: 
{3.0 ns/pFI 
CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= {1.5 ns/pFI 
CL + 15 ns 
10 
- 
90 
180 
tTLH: 
(1.1 ns/pF) 
CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= (O.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL: 
to.55 
ns/pFJ 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 
ns 
X. Y Input to Output 
tpHL 


tpLH. 
tPHL; 
11.7 ns/pFI 
CL + 125 ns 
5.0 
- 
210 
420 


tpLH. 
tpHL 
= 10.66 ns/pFJ 
CL + 57 ns 
10 
- 
90 
180 


tPLH. 
tPHL 
= 10.55 ns/pFJ 
CL + 45 ns 
15 
- 
70 
140 


A Input to Output 
tpLH 
ns 


tpLH 
= 11.7 ns/pF) 
CL + 140 ns 
5.0 
- 
225 
450 


tPLH 
= 10.66 ns/pFJ 
CL + 77 ns 
10 
- 
110 
220 


tPLH 
= 10.5 ns/pFI 
CL + 60 ns 
15 
- 
85 
170 


tPHL 
= 11.7 ns/pFI 
CL + 160 ns 
tpHL 
5.0 
- 
245 
490 
ns 
tpHL 
= 10.66 ns/pF) 
CL + 82 ns 
10 
- 
115 
230 


tpHL 
= 10.5 ns/pFI 
CL + 65 ns 
15 
- 
90 
180 


Strobe Input to Output 
tpLH. 
ns 


tPLH. 
tPHL 
= (1.7 ns/pFI 
CL + 60 ns 
tpHL 
5.0 
- 
145 
290 


tpLH. 
tpHL: 
10.66 ns/pFJ 
CL + 42 ns 
10 
- 
75 
150 


tPLH 
tPHL 
= to.5 ns/pF) 
CL + 35 ns 
15 
- 
60 
120 


tpLH 


Output 


(Tests 
2 and 
3) 


TEST 
STROBE 
A 
XO 
, 
Gnd 
Gnd 
P. G 
2 
P. G. 
Gnd 
Voo 


3 
Gnd 
P. G. 
Voo 


6 
ST 


XO 
, 


S 
X, 


4 


X2 


3 


X3 


10 


VO 


11 


V, 


'2 
V2 


13 
V3 
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The 
MC 14541 B programmable 
timer 
consists 
of a 16·stage 
bihary 
counter, 
an 
integrated 
oscillator 
for use with 
an external 
capacitor 
and 
two 
resistors, 
an automatic 
power·on 
reset 
circuit. 
and output 
control 
logic. 
Timing 
is initialized 
by turning 
on power. 
whereupon 
the power· 
on 
reset 
is enabled 
and 
initializes 
the counter, 
within 
the specified 
VDD 
range. 
With 
the 
power 
already 
on, an external 
reset 
pulse 
can 
be applied. 
Upon 
release 
of the 
initial 
reset command, 
the oscillator 
will 
oscillate 
with 
a frequency 
determined 
by the external 
RC net· 
work. 
The 
16·stage 
counter 
divides 
the 
oscillator 
frequency 
(fosc) 
with the nth stage frequency 
being fosc/2n. 


• 
Available 
Outputs 
2B, 210, 
213 or 216 


• 
Increments 
on Positive 
Edge Clock Transitions 


• 
Low Symmetrical 
Output 
Resistance 
(typically 
100 n @ 15 Vdcl 


• 
Built·in 
Low Power 
RC Oscillator 
(±2% accuracy 
over 
temperature 
range 
and ± 10% supply 
and 


±3% over processing@<10 
kHz) 


• 
Oscillator 
Frequency 
Range'" 
DC to 100 kHz 


• 
Oscillator 
May Be Bypassed 
if External 
Clock 
Is Available 
(Apply 
external 
clock 
to Pin 3) 


• 
Automatic 
Reset 
Initializes 
All Counters 
When 
Power 
Turns 
On 
(Limits 
- 
VDD from 
8.5 Vdc to 18 Vdc when 
enabled) 


• 
External 
Master 
Reset 
Totally 
Independent 
of Automatic 
Reset 
Operation 


• 
Operates 
as 2n Frequency 
Divider 
or Single Transition 
Timer 


• 
% 
Select 
Provides 
Output 
Logic Level Flexibility 


• 
Reset 
(auto 
or 
master) 
Disables 
Oscillator 
During 
Resetting 
to 
Provide 
No Active 
Power 
Dissipation 


• 
Clock 
Conditioning 
Circuit 
Permits 
Operation 
with 
Very 
Slow 
Clock 
Rise and Fall Times 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
45 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CL/CP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


MC145418 


..•'. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC'4XXXB ~SU~f;:e::;:t::Ck.ge 
L. P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


BLOCK 
DIAGRAM 


'2 
'3 


Q 
8 


6 


'0 
9 


VOO 
== Pin 14 


VSS = Pin 7 


Tlow. 
25°C 
Thigh· 
VOO 
Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output Voltage 
"a.. Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vjn=VDDorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = 0 or VDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"a" Level 
VIL 
Vdc 


(VO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
Vdc 
(VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
7.96 
- 
6.42 
12.83 
- 
4.49 
- 


(VOH = 9.5 Vdc) 
10 
4.19 
- 
3.38 
6.75 
- 
2.37 
- 


(VOH = 13.5 Vdc) 
15 
16.3 
- 
13.2 
26.33 
- 
9.24 
- 


(VOL = 0.4 Vdc) 
Sink 
10L 
5.0 
1.93 
- 
1.56 
3.12 
- 
1.09 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
4.96 
- 
4.0 
8.0 
- 
2.8 
- 


(VOL = 1.5 Vdc) 
15 
19.3 
- 
15.6 
31.2 
- 
10.9 
- 


Output Drive Current (Cl/CP 
Device) 
10H 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
5.1 
- 
4.27 
12.83 
- 
3.5 
- 


(VOH = 9.5 Vdc) 
10 
2.69 
- 
2.25 
6.75 
- 
1.85 
- 


(VOH = 13.5 Vdc) 
15 
10.5 
- 
8.8 
26.33' 
- 
7,22 
- 


(VOL = 0.4 Vdc) 
Sink 
'OL 
5.0 
1.24 
- 
1,04 
3,12 
- 
0.85 
- 
(VOL = 0.5 Vdc) 
10 
3.18 
- 
2.66 
8.0 
- 
2.18 
- 


(VOL = 15 Vdc) 
15 
12.4 
- 
10.4 
31.2 
- 
8,50 
- 


Input Current (AL Device) 
lin 
15 
- 
±0.1 
- 
±0.00001 
±0.1 
- 
±1.0 
,/JAde 


Input Current (CL/CP Device) 
lin 
15 
- 
±0.3 
- 
±0.00001 
±0.3 
- 
±1.0 
,/JAde 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 0) 


Quiescent Current (AL Device) 
,/JAdc 


5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
(Pin 5 is High) 
100 
10 
- 
10 
- 
0.010 
10 
- 
300 
Auto Reset Disabled 
15 
- 
20 
- 
0,015 
20 
- 
600 


Quiescent Current (Cl/CP 
Device) 
,/JAdc 


5.0 
- 
20 
- 
0,005 
20 
- 
150 
(Pin 5 is High) 
100 
10 
- 
40 
- 
0.010 
40 
- 
300 


Auto Reset Disabled 
15 
- 
80 
- 
0,015 
80 
- 
600 


Auto Reset Quiescent Current 
I'Adc 
5.0 
- 
200 
- 
7 
200 
- 
1200 


100R 
10 
- 
250 
- 
30 
250 
- 
1500 
(Pin 5 is low) 
15 
- 
500 
- 
82 
500 
- 
2000 


Supply Current*·t 
I'Adc 


(Dynamic plus Quiescent) 
5.0 
10 = 10.4 !'AlkHz} 
I + 100 


10 
10 
10 = (0,8 !'A/kHz) 
I + '00 
15 
10 = (1.2 I'A/kHzl 
I + 'DO 


*Tlow = -55°C 
for AL Device, -40°C 
for Cl/CP 
Device. 


Thigh 
- +1250C lor AL Device, +850C lor CLlCP Device, 


#N_~ise immunity specified for worst-case input combination. 


Noise Margin for both "'" 
and "0" level = 1.0 Vde min @ VDO 
:: 5.0 Vdc 
2.0 Vdc min@ VOO 
= 10 Vdc 
2,5 Vdc min@Voo 
= 15 Vdc 


tWhen 
using the on chip oscillator the total supply current (in J,lAdc)becomes: IT = 10 + 2 Ctc Voo 
f x 10-3 
where 10 is in pA, Ctc is in 
pF, VOO in Volts DC, and I in kHz. (seelig. 3) 
Dissipation during power-on with automatic reset enabled is typically 50.uA@ VOo 
:: 10Vdc. 


·*The 
formula given is for the typical characteristics only. 


Characteristic 
VOO 
TVPical 
Min 
Typ 
Max 
Unit 


Symbol 
Vdc 


Output Rise Time 
tTLH 
ns 


tTLH = 13.0 ns!pF) 
CL + 30 ns 
5.0 
- 
180 
360 
tTLH = (1.5 ns!pF) 
CL + 15 ns 
10 
- 
90 
180 
tTLH = 11.1 ns!pF) 
CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL = 11.5 ns!pFI 
CL + 25 ns 
5.0 
- 
100 
200 
tTHL = 10.75 ns!pFI 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL = 10.55 ns!pFI 
CL + 9.5 ns 
15 
- 
40 
80 


Turn·Off, 
Turn-On Clock to 0 (2tl Output) 
tPLH 
~s 
tPLH,tPHL= 
11.7 ns!pF) 
CL +3415ns 
tPHL 
5.0 
- 
3.5 
10.5 
tpLH, tPHL = 10.66 n,!pF) 
CL + 1217 ns 
10 
' - 
1.25 
3.8 


tpLH, tPHL = 10.5 ns!pF) 
CL + 875 ns 
15 
- 
0.9 
2.9 


Turn-On, Turn-Off 
Clock to 0 (210 Output) 
tpHL 
~s 
tPHL, tPLH = 11.7 ns!pFI 
CL + 5915 
ns 
tpLH 
5.0 
- 
6.0 
18 
tPHL, tPLH = 10.66 ns!pF) 
CL + 3467 
ns 
10 
- 
3.5 
10 


tPHL, tPLH = 10.5 ns!pFI 
CL + 2475 ns 
15 
- 
2.5 
7.5 


Clock Pulse Width 
tWHlcli 
5.0 
900 
300 
ns 


10 
300 
100 
- 


15 
225 
85 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
1.5 
- 
MHz 


10 
- 
4.0 
- 


15 
- 
6.0 
- 


MA PulseWidth 
tWHIR) 
5.0 
900 
300 
- 
ns 


10 
300 
100 
- 


15 
225 
85 
- 


Atc 
1 


Ctc 
2 
C ~:u~a:r 
28 


Reset 


C 
8-Stage 
Counter 
Reset 


Number of 
Counter Stages 
Count 
A 
B 
" 
2" 


0 
0 
13 
8192 


0 
1 
10 
1024 


1 
0 
8 
256 


1 
1 
16 
65536 


9 
a/o 
Select 


State 


Pin 
0 
1 
5 
Auto 
Reset 
Oper- 
Auto 
Reset 
ating 
Disabled 
6 
Timer 
Operational 
Master 
Reset 
On 
9 
Output 
Initially 
Output 
Initially 
High 
Low 
After 
Reset 
After 
Reset 
10 
Single 
Cycle 
Mode 
Recycle 
Mode 


RTC = 56kH. 
J--RS 
=0, 
1 = 10.15 
kHl@VOO= 
10 V, TA = 250C 


-16 
C:. 
1000pF 
1--- RS:' 
120kH,1 
= 78 
kHl@VOO:' 
10 V, TA '" 25°C 


-55 
-15 
a 
15 
50 
75 
100 
115 


TA. AMBIENT 
TEMPERATURE 
1°C) 


50 
" 
1:; 
10 
~ 10 
8 5.0 
~~ 
a 
10 
~~ 10 
~ 0.5 


0.1 


00001 


10 k 
100 k 
RTC. RESISTANCE 
(OHMS} 
0.001 
0.01 
C. CAPACITANCE 
"fl 


lasalunctiol' 


01 RTC 


IC' 
1000 pf} 


IRS 
< 1RTCI 


Ate 


Cte 


A, 
NC 
4 
AA 
5 
"::" MR 
6 
I'L Input 
.",. 


With 
Auto 
Reset 
pin set to a "0" 
the counter 
circuit 
is 
initialized 
by turning 
on power. 
Or with power 
already 
on, 
the counter 
circuit is reset when the Master Reset pin is set 
to a "'''. 
Both 
types 
of reset 
will result 
in synchronously 
resetting 
all counter 
stages 
independent 
of counter 
state. 


Auto 
Reset 
pin 
when 
set to a "'" 
provides 
a low power 
operation. 
' 


The 
RC oscillator 
as shown 
in Figure 
3 will oscillate 
with 
a frequency 
determined 
by 
the 
external 
RC 
net- 
work Le., 


f - 
, 
if (' 
kHz';;; f';;; 100 
kHz) 
-~tc 


and 
RS'" 
2 Rtc 
where 
RS;;' 
10 kn 


The 
time 
select 
inputs 
(A and 
B) provide 
a two-bit 
address 
to output 
anyone 
of four counter 
stages 
(28, 2'0, 
2'3 
and 
2'6). 
The 
2n counts 
as shown 
in the Frequency 
Selection 
Table 
represents 
the a output 
of the 
Nth stage 
of the 
counter. 
When 
A is "1", 
2'6 
is selected 
for 
both 
states 
of 
B. However, 
when 
B is "0", 
normal 
counting 
is 
interrupted 
and 
the 
9th 
counter 
stage 
receives 
its clock 
directly 
from 
the oscillator 
(i.e., effectively 
outputing 
28). 
The % 
select 
output 
control 
pin provides 
for a choice 
of output 
level. When 
the counter 
is in a reset 
condition 
and o/G select 
pin is set to a "0" 
the a output 
is a "0", 
correspondingly 
when 
o/G select 
pin 
is set to a "'" 
the 
a output 
is a"'''. 


When 
the 
mode 
control 
pin is set to a "''', 
the selected 
count 
is continually 
transmitted 
to the output. 
But, with 
mode 
pin 
"0" 
and after 
a reset condition 
the 
RS flip-flop 
(see Expanded 
Block Diagram) 
resets, counting 
commenced 
and 
after 
2n-' 
counts 
the 
RS flip-flop 
sets which 
causes 
the 
output 
to 
change 
state. 
Hence, 
after 
another 
2n-' 
counts 
the 
output 
will not 
change. 
Thus, 
a Master 
Reset 
pulse 
must 
be applied 
or a change 
in the mode 
pin level 
is required 
to reset the single cycle operation. 


'4 
voo 
'3 
B 
'2 
A 
'1 
N.C. 
'0 
MODE 


9 
QjQ •.",. Voo 


Output 


When 
Master 
Reset 
(M R) receives 
a positive 
pulse, 
the 
internal 
counters 
and 
latch 
are reset. 
The a output 
goes 


high 
and 
remains 
high 
until 
the 
selected 
(via A and 
B) 
number 
of clock 
pulses 
are 
counted, 
the a output 
then 
goes 
low 
and 
remains 
low 
until 
another 
input 
pulse 
is 
received. 
This 
"one 
shot" 
is fully retriggerable 
and as accurate 
as 
the 
input 
frequency. 
An external 
clock 
can be used 
(pin 
3 is the clock 
input, 
pins' 
and 2 are outputs) 
if additional 
accuracy 
is needed. 
Notice 
that 
a setup 
time 
equal 
to 
the 
desired 
pulse 
width 
output 
is required 
immediately 
following 
initial 
power 
up, during 
which 
time a output 
will be high. 


BCD-TO-SEVEN 
SEGMENT 
LATCH/DECODER/DRIVER 
for LIQUID 
CRYSTALS 


The MC14543B BCD-to-seven segment latch/decoder/driver 
is 
designed for usewith liquid crystal readouts, and is constructed with 
complementary MaS (CMOS) enhancement mode devices. The cir- 
cuit provides the functions of a 4-bit storagelatch and an 8421 BCD- 
to-seven segment decoder and driver. The device has the capability 
to invert the logic levelsof the output combination. The phase(Ph), 
blanking (BI), and latch disable (LD) inputs are used to reversethe 
truth 
table phase,blank the display, and store a BCD code, respec- 


tively. For liquid crystal (LC) readouts, a square wave is applied to 
the Ph input of the circuit and the electrically common backplane 
of the display. the outputs of the circuit are connected directly to 
the segments of the LC readout. For other types of readouts, such 
as light-emitting 
diode 
(LE DI, 
incandescent, gas discharge, and 


fluorescent 
readouts, connection 
diagrams are given on this data 


sheet. 


Applications include instrument (e.g., counter, DVM etc.) display 
driver, computer/calculator 
display driver, cockpit 
display driver, 
and various clock, watch, and timer uses. 


• 
Logic 
Circuit 
Quiescent Current 
5.0nA/package typical 
@ 
5 Vdc 


• 
Latch Storageof Code 


• 
Blanking Input 
• 
Readout Blanking on All Illegal Input Combinations 


• 
Direct 
LED 
(Common Anode or Cathode) Driving Capability 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL LoadsOver the Rated Temper- 
ature Range 


• 
Pin-far-Pin Replacement for CD4056A (with Pin 7 Tied to VSSI. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 
to +18 
Vdc 


Input Voltage. All Inputs 
Vin 
-0.5 
to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 


CL/CP 
Device 
-40 
to +85 


Storage Temperature 
Rance 
Tstg 
-65 
to +150 
°c 


Maximum 
Continuous 
Output 
Drive Current 
IOHmax 
10 
mAde 


(Source 
or Sink) 
per Output 
'OLmax 


Maximum 
Continuous 
Output 
Power" 
POHmax 
70 
mW 


(Source or Sink) per Output 
POLmax 


'POHmax 
- IOH 1VOH - VOOI and POlmax 
= IOl 
(VOL - VSS) 


BCD-TO-SEVEN 
SEGMENT 
LATCH/DECODER/DRIVER 


for 
LIQUID 
CRYSTALS 
------ 
I~ - 
- 
,J, 
r 
'., 


l SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB 
~SU~fiXce::i:t::Ckage 


t= 
P 
Plastic 
Package 


A 
EX.tended 
Operating 


Temperature 
Range 


C 
LImited 
Operating 


Temperature 
Range 


INPUTS 
OUTPUTS 


LD ., 
Ph' 
D 
C • 
A . b , d . , , 
Dlsplav 


X 
1 
0 
X 
X 
X 
X 
0 
0 
0 
0 
0 
0 
0 
BI ••.•k 
, 
0 
0 
0 
0 
0 
0 
1 
1 
1 , 
1 , 
0 
0 
, 
0 
0 
0 
0 
0 
1 
0 , , 
0 
0 
0 
0 
1 


1 
0 
0 
0 
0 
1 
0 
1 , 0 , , 
0 , , 
, 
0 
0 
0 
0 , , , 
1 , 
1 
0 
0 , 
3 
, 
0 
0 
0 
1 
0 
0 
0 , , 
0 
0 
1 , 
4 


1 
0 
0 
0 , 
0 , 
1 
0 
1 
1 
0 
1 , 
5 
, 
0 
0 
0 
1 , 
0 , 
0 
1 
1 
1 
1 , • 
1 
0 
0 
0 , 
1 
1 
1 
1 , 
0 
0 
0 
0 
7 


1 
0 
0 
r 
0 
0 
0 
1 
1 
1 
1 
1 
1 , 
• 
1 
0 
0 
1 
0 
0 
1 , 
1 , 
1 
0 
1 
1 
9 


1 
0 
0 
, 
0 , 
0 
0 
0 
0 
0 
0 
0 
0 
BI ••.• k 
, 
0 
0 
1 
0 
1 , 
0 
0 
0 
0 
0 
0 
0 
Blank 


1 
0 
0 
1 , 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Blank 


1 
0 
0 
, 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
Blank 


1 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
81ank 


1 
0 
0 
, , , , 
0 
0 
0 
0 
0 
0 
0 
Blank 
0 
0 
0 
X 
X 
X 
X 
.. 


1 
1 
1 
1 
Inver5.8 
of 
Output 
Display 


CombInations 
as above 


Above 


X" 
Oon'l 
care 


t 
•• Above 
CombInations 


•.• 
For 
I,quld 
crvstal 
readOlJtI. 
apply 
a 
square 
wave 
to 
Ph 


For 
common 
cathode 
LeO 
.elldou15, 
select 
Ph 
•• 
0 


For 
common 
anode 
LED 
readouts. 
select 
Ph ., 


••.• 
Depends 
upon 
tne 
BCD 
code 
prevIously 
applied 
when 
LO 
•• 1 


Voo 
Tlow. 
2SoC 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Tvp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
Val 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO "'0 
10 
- 
0.05 
- 
0 
0.05 
0.05 


15 
- 
0.05 
- 
0 
0.05 
0.05 


"'" 
Level 
VOH 
5.0 
495 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V,n 
Oor 
VOO 
10 
9.95 
- 
9.95 
10 
9.95 


15 
14.95 
- 
14.95 
15 
- 
14.95 


Input 
Voltage:J 
"0" level 
V,l 
Vdc 
(Va 
~ 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 


(Va 
~ 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
3.0 
(Va 
= 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V,H 


(Va 
= 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
.~ 
3.5 
- 
Vdc 
1Vo = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
'OH 
mAde 


1VOH = 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
-0.7 


1VOH = 4.6 Vdc) 
5.0 
-0.25 
- 
-0.2 
·~0.36 
-0.14 


1VOH = 0.5 Vdc) 
10 
- 
- 
- 
~87 
.~ 
- 


1VOH = 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
-0.35 
1VOH = 13.5 Vdc) 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOl 
= 0.4 Vdc) 
Sink 
IOl 
5.0 
0.64 
0.51 
0.88 
0.36 
mAde 
1VOL 
0.5 Vdcl 
10 
1.6 
1.3 
2.25 
0.9 


(Val 
=9.5 
Vdcl 
10 
- 
- 
10.1 


(Val 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
2.4 


Output 
Drive 
Current 
(CUe? 
Device) 
'OH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
0.12 
1VOH = 0.5 Vdcl 
10 
- 
- 
- 
~8.7 
.~ 
- 
- 


(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
~1.4 
- 
-1.2 
-3.5 
-1.0 


1VOL = 0.4 Vdcl 
Sink 
IOl 
5.0 
0.52 
- 
0.44 
0.88 
0.36 
mAde 
1VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
(VOL = 9.5 Vdcl 
10 
- 
- 
- 
10.1 
- 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
DeVice) 
I,n 
15 
,01 
'000001 
'01 
- 
, 1 0 
IJAdt: 


Input 
Currenl 
{CUe? 
DeVice} 
lin 
15 
,03 
±O 00001 
'03 
'10 
/JAde 


Inpul 
Capacitance 
Cm 
- 
50 
7.5 
pF 


(V,n 
01 


QUiescent 
CUlrent 
(AL 
DeVice) 
100 
50 
50 
0.005 
50 
150 
/JAne 


(per 
Packaqe) 
10 
10 
0.010 
10 
300 


15 
20 
0.015 
20 
600 


QUiescent 
Current 
(CLle? 
DeVice) 
'00 
50 
20 
0.005 
20 
150 
J.,lAdc 


(Per 
Package) 
10 
- 
40 
0.010 
40 
300 


15 
- 
80 
0015 
80 
- 
600 


Telal 
SupplV 
Current""r 
IT 
50 
'T 
(1.6 
}JA/kHz) 
f 
•. 100 
,/JAde 


(DynamIC 
plus 
QUiescent, 
10 
IT 
131 
IJA/kHzl 
f 
• 
100 
Per 
Package) 
15 
'T 
14.7 
JiA/kH7} 
f 
I 100 


1Cl 
50 pF on all oulputs, 
all 


buffers 
sWitching) 


"Tlow 
= -550C 
for 
AL 
DeVice, -40oC 
for 
CL/CP 
Oevice. 


Thigh 
= + 125°C 
for 
AL 
Oevice, 
+850C 
for 
CL/CP 
Device. 


-""Noise Immunity 
spedfied 
for 
worst-case 
input 
combination. 


NOise Margin 
for 
both 
"1" and "0" level'" 
1.0 Vdc 
min 
@ VOO 
=- 5.0 Vdc 
2.0 Vdc 
min@ 
VOD 
-' 10 Vdc 


2.5 Vdc 
min@ 
VOO 
= 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 50 pF: 


IT1Cli 
' IT(50 pF) + 
3.5 x 1O~3 1Cl ~50) Vaal 


where: 
IT is in jJ.A (per 
packagel, 
CL 
in pF, 
VOO 
in Vdc, 
and 
f in kHz 
is Input 
frequency 
. 


• ·The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 25°C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 
tTLH 
=: 11.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 
tTLH 
=: 11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 


tTHL 
= (1.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTH L = (0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
110 
tTHL 
= 10.55 ns/pFI CL + 12.5 ns 
15 
- 
40 
80 


Tum:-dff 
Delay Time 
tPLH 
ns 


tPLH = 11.7 ns/pFI CL + 520 ns 
5.0 
- 
605 
1210 
tpLH = 10.66 ns/pFI CL + 217 ns 
10 
- 
250 
500 
tPLH = (0.5 ns/pFI CL + 160 ns 
15 
- 
185 
370 


Turn-On 
Delay Time 
tpHL 
ns 
tPHL = 11.7 ns/pFI CL + 420 ns 
5.0 
- 
505 
1650 


tpH L = 10.66 ns/pF) CL + 172 ns 
10 
- 
205 
660 
tpHL 
= 10.5 ns/pFI CL + 130 ns 
15 
- 
155 
495 


Setup Time 
tsu 
5.0 
0 
40 
ns 


10 
0 
-15 
- 


J 
Hold Time 


15 
0 
-10 
- 


th 
5.0 
80 
40 
- 
ns 


10 
30 
15 
- 


15 
20 
10 
- 


Latch Disable Pulse Width 
(Strobmg Data) 
tWH 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 


15 
80 
40 
- 


A 5 
9 a 


10 b 


B 3 
11 c 


12 d 


C 2 
13 e 


15 f 


04 
14 9 


LO 
1 


i-6.0 


f- 
~~ 
~ 
-12 
w 
'-'~ 
::> 
co 


~ 
-18 
E 


-24 


-16 
-12 
-8.0 
-4.0 
0 


(VOH -Vaal. 
SOURCE DEVICE VOLTAGE 
IVdc) 


~ 


VOH 
Any 
Output 


---VOL 


<C.§: 


~ 
~ 
12 


::> 
'-''"z 
V; 


Po Lmax = 70 mWdc 


I 
I 
VSS ~ 0 Vdc 


o o 
4.0 
8.0 
12 
16 


(VOL - Vssi. 
SINK DEVICE VOLTAGE 
(Vdc) 


~ 


20n, 


VOO 


LO 
90~O% 
:0_% 
..... 
_.. VSS 
fl'" ,,1-=50%'h 


C 
SO; 
"-5 
VOO 
~------- 
Vss 


~VOH 


VOL 


,y--x 
VOO 
-----~-~~~ 
L-J ~~-----VSS 


This 
device 
contains 
circuitry 
to protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields; however. 
it is advised 
that 
normal 
precautions 
be 
taken 
to avoid 
application 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that Vin and 
Vout 
be constrained 
to the 
range VSS 
OIl; 


(Vin or Vout) 
'" VOO' 
Unused 
inputs 
must 
always 
be tied to an 
appropriate 
logic voltage 
level le.g., either 
VSS or VDDI. 


@ MOTOROLA 


BCD·TO-SEVEN 
SEGMENT 
LATCH/DECODER/DRIVER 
for LIQUID 
CRYSTALS 


The MC14544B 
BCD-to-seven 
segment latch/decoder/driver 
is 
designed for usewith liquid crystal readouts, and is constructed with 
complementary 
MOS (CMOS) enhancement mode devices. The cir- 
cuit provides the functions of a 4-bit storage latch and an 8421 BCD- 
to-seven segment decoder and driver. The device has the capability 
to invert the logic levels of the output combination. 
The phase (Ph), 
blanking (BII, and latch disable (LD) inputs are used to reverse the 
truth 
table phase, blank the display, and store a BCD code, respec- 
tively. 
For liquid crystal (LC) readouts, a square wave is applied to 
the Ph input 
of the circuit 
and the electrically 
common backplane 
of the display. The outputs of the circuit 
are connected directly 
to 
the segments of the LC readout. The Ripple Blanking Input (RBI) 
and the 
Ripple 
Blanking 
Output 
(RBO) 
can be used to suppress 


either leading or trailing zeroes. 
For other types of readouts, such as light-emitting 
diode (LEDI, 
incandescent, gas discharge, and fluorescent 
readouts, connection 
diagrams are given on this data sheet. 


Applications 
include instrument (e.g., counter, DVM etc.) display 
driver, 
computer/calculator 
display 
driver, cockpit 
display 
driver, 
and various clock, watch, and timer uses. 


• 
Logic 
Circuit 
Quiescent 
Current 
= 
5.0nA/package 
typical 
@ 
5 Vdc 


• 
Latch Storage of Code 


• 
Blanking Input 


• 
Readout Blanking on All Illegal Input Combinations 


• 
Direct 
LED 
(Common 
Anode 
or Cathode) Driving 
Capability 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capability for Suppression of Non-significant zero 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky 
TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


• 
Pin-for-Pin Replacement for CD4056A (with Pin 7 Tied to V 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLIe? 
Device 
-40 to +85 


Storage 
Temperature 
Rance 
Tstg 
-65 to +150 
°c 


Maximum 
Continuous Output 
Drive Current 
IOHmax 
10 
mAde 


(Source 
or Sink) 
per Output 
IOLmax 


Maximum 
Continuous Output 
Power* 
POHmax 
70 
mW 
(Source or Sink) per Output 
POLmax 


'POHmax = IOH (VOH· 
Vaal 
and POlmax 
= IOl 
(VOL - VSS) 


MC14544B 


BCD·TO·SEVEN 
SEGMENT 


LATCH/DECODER/DRIVER 
WITH 
RIPPLE 
BLANKING 
,:~,,- 


l SUFFIX 
P SUFFIX 
CERAMIC PACKAGE 
PLASTIC PACKAGE 
CASE 680 
CASE 707 


OROERING 
INFORMATION 


MC14XXXB 
~su~t;Xce::i:t::Ckage 


L. P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


01$1'\. .•.'" 


Iql.'I~I~I:I~I~1 
:I~I~I 


This device contains circuitry 
to protect 
the 
inputs 
against damage due 
to 
high 
static voltages or electric fields; however, 
it 
is advised that 
normal 
precautions be 


taken to avoid application of any voltage 
higher 
than 
maximum 
rated voltages to 


this 
high 
impedance circuit. 
For 
proper 
operation 
it is recommended that V in and 
Vout 
be constrained to the range VSS " 


(Vin or Vout) 
" VOO' 


Unused inputs must always be tied to an 
appropriate 
logic voltage level le.g., either 
VSS or Vaal. 


VOO 
Tlow . 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Ma. 
Mi" 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


VI" 
== VOOorD 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
== 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage" 
"0" Le.••.el 
VIL 
Vdc 


(VO = 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.50,1.5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 


(VO = 0.5 0,4.5 
Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO = 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.50' 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
-1.0 
-1.7 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 0.5 Vdcl 
10 
- 
- 
- 
-8.7 
- 
- 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 9.5 Vdcl 
10 
- 
- 
- 
10.1 
- 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 0.5 Vdcl 
10 
- 
- 
- 
-8.7 
- 
- 
- 


IVOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Smk 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 9.5 Vdcl 
10 
- 
- 
- 
10.1 
- 
- 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
DeVIce) 
lin 
15 
±O 
1 
±OOOOOl 
-01 
! 10 
,u.Adc 


Input 
Current 
(CL/CP 
DeVice) 
lin 
15 
,03 
'000001 
,0.3 
- 
t 1.0 
pAde 


Input 
Capacitance 
Gin 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
== 0) 


Quiescent 
Current 
(AL 
Device) 
100 
50 
- 
50 
- 
0.005 
50 
- 
150 
#JAde 


(Per 
Packagel 
10 
10 
- 
0.010 
10 
- 
300 


15 
20 
- 
0.Q15 
20 
- 
600 


QUlescenl 
Current 
ICLlCP 
DeVice) 
'00 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
50 
IT 
11.6 
}.lA/kHz) 
f 
t 
100 
,u.Adc 


(Dynamic 
plus Ouiescent, 
10 
IT 
(3.1 
/-lA/kHz) 
t 
+ 100 
Per 
Package) 
15 
IT 
(4.7 
j.lA/kHz) 
f 
+ 100 


(CL 
'" 50 
pF 
on all outputs, 
all 


buffers 
sWltchmg) 


-Trow 
= -55°C 
for 
AL 
Device. 
-400C 
for CL/CP 
Device. 


Thigh 
= +12S~C for 
AL 
Device, 
+8SoC 
for CL/CP 
Device 
. 


.uNoise 
Immunity 
specified 
for 
worst-case 
input 
combination. 


NOise 
Margin 
for 
both 
"'" 
and "a" level 
= '.0 
Vdc 
min 
@ VOD 
"" 5.0 
Vdc 
2.0 Vdc 
min@ 
VOO 
""'0 
Vdc 


2.5 
Vdc 
min@ 
VOO 
= 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 
pF: 


ITICLI 
= IT(50 pFI + 
3.5. 
10-3 (CL -501 VOOI 


where: 
IT 
is in I-lA (per 
package), 
CL 
in pF. 
VOO 
in Vdc. 
and 
f in kHz 
is input 
frequency. 


--The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 25°C. 


1-6.0 


>- 
~~ 
B -12 
w'-'~ 
=>5::i -18 
9 


-14 
-16 
-11 
-8.0 
-4.0 
0 


IVOH -VOO),SOURCE 
DEVICE VOLTAGE 
(Vdc) 


20n,~on, 
VDD 
A, B, and C,O% 
90% 
50% 


l/t 
---VSS 


50% Duty Cycle 


~ 


VOH 
Any 
Output 


---VOL 


::i' 
18 


.5 
~ 
~ 
12 
=>'-'"zin 


Po lmax 
'" 70 mWdc 
I 
I 
VSS~OVdc 


D o 
4.0 
8.0 
11 
16 


(VOL - VSSI. SINK DEVICE VOLTAGE 
IVdc) 


Vss 


~VOH 


VOL 


,~ 
VDD 
-----~-:-~ 
LJ ~~-----VSS 


MC14544B 
o 
0 
0 
0 


101 


MC14544B 


o 
0 


101 


MC14544B 
o 
0 
1 


131 


MC14544B 


o 
0 
0 
1 


111 


MC14544B 


o 
0 
0 
0 


101 


MC14544B 


o 
0 
1 


151 


TRAILING 
EDGE ZERO SUPPRESSION 


Displays 


I 
I 
I 
I 
I 
I 
I 
--- 
I 
I 
I 


MC14544B 
o 
1 
0 
1 
151 


MC14544B 
o 
0 
0 
0 


101 


MC14544B 
o 
0 
1 
1 


131 


MC14544B 
o 
a 
0 
0 


101 


MC14544B 
o 
0 
0 
0 


101 


MC14544B 
o 
0 
0 
, 


111 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
ITLH 
ns 


ITLH 
= 13.0 ns/pF} 
CL + 30 ns 
5.0 
- 
180 
360 


ITLH 
= 11.5 ns/pF} 
CL + 15 ns 
10 
- 
90 
180 


ITLH 
= 11.1 ns/pFI 
CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
ITHL 
ns 


ITHL 
= 11.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 


ITHL 
= 10.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
110 


ITHL 
= 10.55 ns/pF} 
CL + 12.5 ns 
15 
- 
40 
80 


Turn-Off 
Delay Time 
IpLH 
ns 


IpLH 
= 11.7 ns/pF} 
CL + 520 ns 
5.0 
- 
605 
1210 


IpLH 
= 10.66 ns/pFI 
CL + 217 ns 
10 
- 
250 
500 


IPLH 
= 10.5 ns/pF} 
CL + 160 ns 
15 
- 
185 
370 


Turn-On Delay Time 
IPHL 
ns 


IpHL 
= 11.7 ns/pFI 
CL + 420 ns 
5.0 
- 
505 
1650 


IPHL 
= 10.66 ns/pFI 
CL + 172 ns 
10 
- 
205 
660 


IPHL 
= 10.5 ns/pFI 
CL + 130 ns 
15 
- 
155 
495 


Setup Time 
Isu 
5.0 
0 
-40 
- 
ns 


10 
0 
-15 
- 


15 
0 
-10 
- 


Hold Time 
Ih 
5.0 
80 
40 
- 
ns 


10 
30 
15 
- 


15 
20 
10 
- 


Latch Disable Pulse Width (Strobing Data) 
IWH 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 


15 
80 
40 
- 


INPUTS 
OUTPUTS 


ABI 
Lo 
BI 
Ph 
0 
C 
B 
A 
ABo . b , d . I 
9 
DISPLAY 


X 
X 
, 
0 
X 
X 
X 
X . 
0 
0 
0 
0 
0 
0 
0 
Blank 


1 
1 
0 
0 
0 
0 
0 
0 
, 
0 
0 
0 
0 
0 
0 
0 
Blank 


0 
, 
0 
0 
0 
0 
0 
0 
0 
, 
1 , , , 
1 
0 
0 


X 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 


X 
1 
0 
0 
0 
0 , 
0 
0 
1 , 
0 , , 
0 , 
2 


X 
, 
0 
0 
0 
0 , , 
0 
, 
1 
1 , 
0 
0 
1 
3 


X 
1 
0 
0 
0 , 
0 
0 
0 
0 
1 , 
0 
0 
1 
1 
4 


X 
1 
0 
0 
0 , 
0 , 
0 
1 
0 , , 
0 
1 , 
5 


X 
1 
0 
0 
0 
1 , 
0 
0 
1 
0 , , 
1 
1 , 
6 


X 
1 
0 
0 
0 , , , 
0 
1 , , 
0 
0 
0 
0 
7 


X 
1 
0 
0 
, 
0 
0 
0 
0 
1 , , , , 
1 , 
B 


X 
1 
0 
0 
1 
0 
0 , 
0 
1 
1 , , 0 
1 , 
9 


X 
1 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Blank 


X 
, 
0 
0 
, 
0 , , 
0 
0 
0 
0 
0 
0 
0 
0 
BI.nk 


X 
1 
0 
0 
1 , 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
BJ••••k 


X 
1 
0 
0 
1 
1 
0 , 
0 
0 
0 
0 
0 
0 
0 
0 
Blank 


X 
1 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
BI.tlk 


X 
, 
0 
0 
, 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
Blank 


X 
0 
0 
0 
X 
X 
X 
X . 


t 
t 
t 
t 
1 
t 
I•••••' •• 01 Ou.pu. 
0009l.y 
Combon.l'on •.•••_ 
.- 


• = 
For 
liquid 
crystal 
readouts, 
apply 
a square 
wave 
to 
Ph. 
For 


common 
cathode 
LED 
readouts, 
select 
Ph :: O. For common 


anode 
LED readouts, 
select 
Ph = 1. Z 
Depends 
upon 
the 
BCD Code 
previously 
applied 
when 
LD = 1. 


® MOTOROLA 


The MC1454 7 BCD-to-sevensegmentdecoder/driver is constructed 


with 
complementary 
MOS (CMOS) enhancement mode devices and 


NPN bipolar 
output 
drivers in a single monolithic 
structure. 
The 
circuit 
provides the functions 
of an 8421 BCD-to-seven segment 


decoder with 
high output 
drive capability. 
Blanking (BI), can be 
used to turn off or pulse modulate the brightness of the display. The 
MC14547 
can 
drive 
seven-segment light·emitting 
diodes 
(LED), 
incandescent, fluorescent, 
gas discharge, or liquid 
crystal readouts 
either directly or indirectly. 
Applications 
include 
instrument 
(e.g., 
counter, 
DVM, 
etc. I 


display 
driver, 
computer/calculator 
display driver, cockpit 
display 


driver, 
and 
various 
clock, 
watch, 
and timer 
uses. 


• 
High-Current Sourcing Outputs (Up to 65 mAl 


• 
Low Logic Circuit Power Dissipation 


• 
Supply Voltage Range = +3.0 V to + 18 V 


• 
Blanking Input 


• 
Readout Blanking on All Illegal Combinations 


• 
Lamp Intensity Modulation Capability 


• 
Time Share (Multiplexingl 
Facility 


• 
Capable of Driving Two Low-Power TTL Loads, 
One Low-Power Schottky TTL Load or 
Two HTL Loads over the Rated Temperature Range 


MAXIMUM 
RATINGS 
(Voltage referenced to VSS. Pin 81 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
+18 to -0.5 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
VDD to -0.5 
Vdc 


Operating Temperature 
Range 
MC14547BAL 
TA 
-55 to +125 
°c 
MC14547BCLlCP 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65to+150 
°c 


Maximum 
Continuous 
Output 
Drive Current 
IOHmax 
65 
mA 


(Sourcel 
per 
Output 


Maximum 
Continuous 
Power Dissipation 
POHmax 
1200' 
mW 


·See power derating curve (Figure 11. 


This device contains 
circuitry 
to protect 
the 
inputs against 'damage due to high static 


voltages or electric 
fields; however, 
it 
is advised that 
normal 
precautions 
be taken to 


avoid application 
of any voltage 
higher than 
maximum 
rated voltages to this high im- 
pedance circuit. 
A destructive 
high current 
mode may occure if Vin and Vout 
is not 


constrained 
to the range VSS ~ 
(Vin 
or Voutl 
~ 
VOO' 


Oue to the sourcing capability 
of this circuit, 
damage can occur to the device if VOO 
is 


applied, 
and 
the 
outputs 
are shorted 
to VSS 
and are at a logical 
1 
(See Maximum 


Ratingsl. 


Unused 
inputs 
must always be tied 
to an appropriate 
logic voltage 
level 
(e.g., either 


VSS or VDDI. 


MC14547B 


HIGH CURRENT 


BCDTO~EVENSEGMENT 
DECODER/DRIVER 


L SUFFIX 


CERAMIC 
PACKAGE 
CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


MC14XXXB 
~SUtfil<. 
. 0.e.note5 
L L 
CeramIC 
Package 


P 
PlastIC 
Package 


A 
El<.tended 
Operating 


Temperature 
Range 


C 
LImIted 
Operating 


Temperature 
Range 


16 


15,. 


f 17'10 
13 


12 
ee" 
11 
d 


10 


INPUTS 
OUTPUTS 


61 
D 
C 
6 
A 
a 
b 
c 
d 
e 
f 
9 I DISPLAY 


0 
X 
X 
X 
X 
0 
0 
0 
0 
0 
0 
oT 
Blank 
, 
0 
0 
0 
0 
1 
1 
1 
1 , 
1 
0 
0 


1 
0 
0 
0 
1 
0 , 
1 
0 
0 
0 
0 
1 


1 
a 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
2 


1 
0 
0 
1 
1 , 
1 
1 
1 
0 
0 
1 
3 


1 
0 , 
0 
0 
0 
1 
1 
0 
0 
1 
1 
• 
, 
0 
1 
0 
1 , 
0 
1 , 
0 , 
1 
5 


1 
0 , , 
0 
0 
0 
1 
1 
1 
1 
1 
6 


1 
0 
1 
1 
1 , 
1 
1 
0 
0 
0 
a 
7 


1 
1 
0 
0 
0 
1 
1 , , 
1 , 
1 
8 


1 
1 
0 
0 
1 
1 
1 
1 
0 
0 , 
1 
9 
, 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
Blank 


1 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
Blank 


1 
1 , 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Blank 


1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
Blank 


1 
, 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
Blank 


1 
, 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
Blank 


Voo 
Tlow. 
25°C 
Thigh· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Mi" 
Typ 
Max 
Min 
Max 
Unit 


Output 
Drive 
Voltage 
VOH 
5.0 
- 
- 
- 
3.7 
- 
- 
- 
Vdc 
1I0H : -65 mAl 
10 
- 
- 
- 
8.7 
- 
- 
- 


15 
- 
- 
- 
13.7 
- 
- 
- 


Output 
Drive Current 
(AL Device) 
10L 
mAde 
(VOL: 
0.4 Vdc) 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
(VOL: 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


IVOL: 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CUep 
Device) 
10L 
mAde 


IVOL : 0.4 Vdcl 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 


(VOL: 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL: 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
(AL 
Device) 
lin 
15 
- 
±0.1 
- 
±0.00001 
±0.1 
- 
± 1.0 
,uAde 


Input 
Current 
(CUep 
Device) 
lio 
15 
- 
±O.3 
- 
±0.00001 
±0.3 
- 
±1.0 
}JAde 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
IVin: 
01 


Quiescent Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
,uAdc 


(Per Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 


15 
- 
20 
- 
0.030 
20 
- 
600 


Quiescent Current 
(CUep Device) 
100 
5.0 
- 
50 
- 
0.010 
- 
- 
375 
,uAde 


(Per Package) 
10 
- 
100 
- 
0.020 
- 
- 
750 


15 
- 
200 
- 
0.030 
- 
- 
1500 


*Tlow 
= -55°C 
for AL 
Device, _400 
for cuep Device 
Thigh::: +12SoC 
for AL Device, +850C 
for CL/CP 
Device 


#Noise 
immunity 
specified for worst-case input combination 


Noise Margin for both "'" 
and "0" 
level:::. 1.0 Vdc min @ VOO 
= 5.0 Vdc 


2.0 Vdc min @VOO: 
10 Vdc 


2.5 Vdc min @VOO: 
15 Vdc 


Voo 
All Types 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
lTLH 
ns 


5.0 
- 
40 
80 


10 
- 
30 
60 


15 
- 
25 
50 


Output 
Fall Time 
lTHL 
- 


ns 


tTLH. 
lTHL: 
(1.5 ns/pFI CL + 50 ns 
5.0 
125 
250 


tTLH. 
tTHL: 
(0.75 ns/pFI CL + 37.5 ns 
10 
- 
75 
150 


tTLH. 
lTHL: 
10.55 ns/pFI CL + 37.5 ns 
15 
- 
65 
130 


Data Propagation 
Delay Time 
lPLH 
ns 


tpLH: 
(0.40 ns/pFI CL + 620 ns 
5.0 
- 
640 
1280 


tPLH: 
(0.25 ns/pFI CL + 237.5 ns 
10 
- 
250 
500 


tPLH: 
10.20 ns/pFI CL + 165 ns 
15 
- 
175 
350 


tPHL: 
(1.3 ns/pFI CL 
+ 655 ns 
tpHL 
5.0 
- 
720 
1440 
ns 
tPHL: 
10.60 ns/pFI CL + 260 ns 
10 
- 
290 
580 
tpHL: 
(0.35 ns/pF) CL + 182.5 ns 
15 
- 
200 
400 


Blank Propagation 
Delay Time 
tPLH 
- 
ns 


tpLH: 
10.30 ns/pFI CL + 305 ns 
5.0 
- 
320 
640 


tPLH: 
(0.25 ns/pFI CL + 117.5 ns 
10 
130 
260 
- 
tPLH: 
(0.15 ns/pFI CL + 92.5 ns 
15 
100 
200 


tPHL: 
10.85 ns/pFI CL + 442.5 ns 
tpHL 
5.0 
- 
485 
970 
ns 


tpHL: 
(0.45 ns/pFI CL + 177.5 ns 
10 
- 
200 
400 
tpHL: 
10.35 ns/pFI CL + 142.5 ns 
15 
- 
160 
320 


A 
7 


13 a 


8 
1 


10 d 


C 2 


15 
f 


06 


14 
9 


"" 


"" 
........... 
"" 
'-. 
""- '-. 
CL DEVICE 


"- 


><:... 


CP DEVICE 
"" 
AL DEVICE 


'< 


•• A filament 
pre-warm 
resistor is recommended 
to reduce filament 
thermal 
shcok 
and increase the effective 
cold 
resistance 
of the 
filament. 


·VZD 
should 
be set at VDD 
- 
1.3 V - 
VLED. 
Wattage 
of zener 


diode 
must 
be calculated 
for 
number 
of segments and worst·case 


cond itions. 


@ MOTOROLA 


The MC14549B and MC14559B successiveapproximation 
regis- 
ters are 8-bit registers providing all the digital control and storage 


necessary 
for 
successive 
approx 
imation 
analog-to-d 
igital 
conversion 


systems. These parts differ 
in only one control 
input. The Master 


Reset (MR) on the MC14549B is required in the cascaded mode 
when greater than 8 bits are desired. The Feed Forward (FF) of the 
MC14559B is used for register shortening where End-aI-Conversion 
IEOC) is required after lessthan eight cycles. 
Applications lor the MC14549B and MC14559B include analog- 
to-digital conversion, with serial and parallel outputs. 


• 
Totally Synchronous Operation 


• 
All Outputs Buffered 


• 
Single Supply Operation 


• 
Serial Output 


• 
Retriggerable 


• 
Compatible with a Variety 01 Digital and Analog Systems such as 
the MC1408 B-Bit D/A Converter 


• 
All Control Inputs Positive-EdgeTriggered 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable 01 Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 


ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-0.5 
to VOO 
+ 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 
CLlC? 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


SC SCCt-1J 
MR 
MRIt_ll 
Clock 
Action 


X 
X 
X 
X ---- 


None 
X 
X 
, 
X 
....r- 
Reset 


1 
0 
0 
0 
....r- 
Start 
Conversion 


1 
X 
0 
1 
....r- 
Start 
Conversion 


1 
1 
0 
0 
....r- 
Continue 
Conversion 


0 
X 
0 
X 
....r- 
Continue 
Previous 
Operation 


SC SCCt-ll 
EOC 
Clock 
Action 


X 
X 
X '- 
None 


1 
0 
0 
-r- 
Start 
Conversion 


X 
1 
0 
-r- 
Continue 
Conversion 


0 
0 
0 
...r- 
Continue 
Conversion 


0 
X 
1 
.s- 
Retain 
Conversion 
Result 


1 
X 
1 
...r- 
Start 
Conversion 


MC14549B 
MC14559B 


SUCCESSIVE 
APPROXIMATION 


REGISTERS 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB 
~SUffiX 
Denote, 


T - L 
Ceramic 
Package 
L P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


BLOCK 
OIAGRAM 


07 


06 
C 
05 


04 
SC 
03 


02 


10 
FF or 
MR # 
01 


00 
6 
D 


EOC 


Sout 


This 
device 
contains 
circuitry 
to protec~ 


the inputs against damage due to high static 
voltages or 
electric 
fields; 
however. 
it 
is 


advised that normal precautions be taken 
to avoid application 
of any voltage higher 


than maximum 
rated voltages to this high 


impedance circuit. 
For proper operation 
it 


is recommended that 
Vin and Vout 
be 


constrained 
to 
the range VSS :s;;;;(Vin 
or 


Vout) 
~VDO' 


Unused 
inputs 
must 
always 
be tied 
to an 


appropriate 
logic voltage level le.g., 
either 


VSS or VOOI. 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V,n 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VoltageH 
"0" Level 
VIL 
Vdc 
1VO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va 
= 9.0 or i.o Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
= 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


{Va 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
1VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
··1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH = 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


{VOH 
= 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
1.28 
- 
1.02 
1.76 
- 
0.72 
- 
mAde 


(VOL = 0.5 Vdc) 
Q Outputs 
10 
3.2 
- 
2.6 
4.5 
- 
1.8 
- 


(VOL 
= 1.5 Vdcl 
15 
8.4 
- 
6.8 
17.6 
- 
4.8 
- 


{VOL 
= 0.4 Vdcl 
Sink 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 


(VOL = 0.5 Vdcl 
Pin 5. 11 only 
5.0 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdc) 
10 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CUe? 
Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
1.04 
- 
0.88 
1.76 
- 
0.72 
- 
mAde 


(VOL = 0.5 Vdc) 
Q Outputs 
10 
2.6 
- 
2.2 
4.5 
- 
1.8 
- 


(VOL = 1.5 Vdcl 
15 
7.2 
- 
6.0 
17.6 
- 
4.8 
- 


{VOL = 0.4 Vdcl 
Sink 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 


(VOL = 0.5 Vdc) 
Pin 5. 11 only 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


{VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Devlcel 
lin 
15 
- 
±O.l 
,000001 
±O.l 
- 
! 1.0 
,uAdc 


Input 
Current 
{CLlCP 
Devicel 
lin 
15 
- 
'03 
- 
±O.OOOOl 
'03 
- 
± 1.0 
pAdc 


I nput 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
{Vin 
= 01 


Quiescent 
Current 
(AL 
DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
",Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CUe? 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 
(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-' 
t 
IT 
5.0 
IT - 
10.8 .A/kHzl 
f + 100 
,uAdc 


(Dynamic 
plus 
Quiescem, 
10 
IT' 
il.6 
.A/kHzl 
t + too 


Per 
Packa~e) 
15 
IT = 
12.4 .A/kHz) 
f 
+ 'DO 


(CL:: 
50 
pF 
on 
all 
outputs, 
all 


buffers 
sWItching) 


'Tlow:: 
-SSoC 
for 
AL 
DeVice. 
-40oC 
for 
CLlCP 
Device. 


ThIgh:: 
+1250C 
for 
AL 
Device, 
t8S0C 
lor 
CLlCP 
DeVice 
. 


.L:NOlSe Immunity 
sP~t;llled lor 
WOrst·case 
input 
combination. 


NOIse 
Margin 
for 
bOlh 
"1" 
and 
"0" 
level:: 
1.0 
Vdc 
min 
@ VDD 


2.0 
Vdc 
min 
@ VDD 


2.5 
Vdc 
min 
@ VOD 


tTo 
calculate 
total 
supply 
curren I at loads other 
than 
50 
pF: 


'T(CLI 
ITt50 pFI 
+ 2 x 10-3 (CL -501 VOO' 


where: 
IT 
IS in J,JA (per 
packagel, 
CL 
in pF, 
VDO 
in Vdc, 
and 
I in 
kHz 
is input 
frequency 
. 


• "The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 
25°C. 


= 5.0 Vdc 
10 Vdc 


:: 
15 
Vdc 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
'TLH 
ns 
'TLH 
= (3.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


'TLH 
= (1.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
= (1.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
'THL 
ns 


'THL 
= (1.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


'THL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
'THL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
'PLH, 
ns 
Clock 10 Q 
'PHL 


'PLH, 
'PHL 
= (1.7 ns/pFI CL + 415 ns 
5.0 
- 
500 
1000 
'PLH, 
tPHL = (0.66 ns/pFI CL + 177 ns 
10 
- 
210 
420 
'pLH, 
'pHL 
= 10.5 ns/pFI CL + 130 ns 
15 
- 
155 
310 


Clock to Sout 


'PLH,'PHL 
= 11.7 ns/pFI CL +665 
ns 
5.0 
- 
750 
1500 
'pLH, 
'pHL 
= 10.66 ns/pFI CL + 277 ns 
10 
- 
310 
620 
'PLH, 'pHL 
= 10.5 ns/pFI CL + 195 ns 
15 
- 
220 
440 


Clock to EOC 


tPLH, 'pHL 
= 11.7 ns/pFI CL + 215 ns 
5.0 
- 
300 
600 
'PLH, 'PHL 
= 10.66 nsl pFI CL + 97 ns 
10 
- 
130 
260 


'pLH, 
tpHL = 10.5 ns/pFI CL + 75 ns 
15 
- 
100 
200 


SC, 0, FF or MR Setup Time 
'su 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 


15 
80 
40 
- 


Clock Pulse Width 
'WH(eli 
5.0 
700 
350 
- 
ns 


10 
270 
135 
- 


15 
200 
100 
- 


Pulse Width - 
0, SC, FF or MR 
'WH 
5.0 
500 
250 
- 
ns 


10 
200 
100 
- 


15 
160 
80 
- 


Clock Rise and Fall Time 
'TLH, 
5.0 
- 
- 
15 
'" 
'THL 
10 
- 
- 
5.0 


15 
- 
- 
4.0 


Clock Pulse Frequency 
lei 
5.0 
- 
1.5 
0.8 
MHz 


10 
- 
3.0 
1.5 


15 
- 
4.0 
2.0 


Programmable 
Pulse 
Generator 


07 


06 
C 
05 


Q4 


SC 
Q3 


02 
FFIMAI 
Q1 


QO 
0 
EOC 


Sout 


VSS 


~ 
- 
Don't 
care condition 


t nh - 
I ndicates Serial Out is inhibited 
low . 


• - 
08 
is ninth-bit 
of serial information 
available 
from 8-bit 
register. 


Note: 
Pin 10 ~ VSS 


Both the MC14549B and MC14559B can be operated 


in either the "free run" or "strobed operation" mode for 
conversion schemes with 
any number of bits. Reliable 


cascading 
and/or 
recirculating 
operation 
can 
be achieved 


if the End of Convert (EOC) output 
is used as the con· 


trolling 
function, 
since with 
EOC ~ 0 (and with SC = 1 


for MC14549B but either 1 or 0 for MC14559B) no stable 
state 
exists under 
continual 
clocked 
operation. 
The 
MC14559B will automatically 
recirculate after EOC = 1 


during externally strobed operation, provided SC ~ 1. 
All data and control 
inputs for these devices are trig- 


gered into the circuit 
on the positive edge of the clock 
pulse. 


Operation of the various terminals is asfollows: 
C = Clock - 
A positive-going transition of the Clock is 
required for data on any input 
to be strobed into the 


circuit. 


SC = Start 
Convert 
- 
A 
conversion 
sequence 
is initi- 
ated on the positive·going transition of the SC input on 
succeedingclock cycles. 
o = Data In - 
Data on this input (usually from a com- 


parator in AID 
applications) is also entered into the cir· 


cuit on a positive-going transition of the clock. This input 
is Schmitt 
triggered and synchronized to allow fast re- 


sponse and guaranteed quality of serial and parallel data. 


MR = Master Reset (MC14549B only) - 
Resetsall out- 
put to 0 on positive-going transitions of the clock. If reo 
moved while SC = 0, the circuit 
will 
remain reset until 


SC ~ 1. This allows easycascadingof circuits. 
FF = Feed Forward (MC14559B only) - Provides reg- 


ister 
shortening 
by 
removing 
unwanted 
bits 
from 
a sys- 


tem. 
For operation with 
less than B bits, tie the output 
following the least significant bit of the circuit to EOC. 


E.g., for a 6-bit conversion, tie 01 to FF; the part will 
respond asshown in the timing diagram lesstwo bit times. 
Not that 01 and 00 will still operate and must be dis- 
regarded. 


For B-bit operation, FF is tied to VSS. 
For applications with 
more than B but less than 16 


bits, use the basic connections shown in Figure 1. The FF 
input 
of the MC14559B is used to shorten the setup. 


Tying FF directly 
to the least significant bit used in the 


MC14559B allows EOC to provide the cascading signal, 


and 
results 
in smooth 
transition 
of serial 
information 
from 


the MC14559B to the MC14549B. The Serial Out (Soutl 
inhibit 
structure of the MC14559B remains inactive one 
cycle after EOC goes high, while Sout of the MC14549B 
remains inhibited 
until 
the second clock 
cycle of 
its 


operation. 


On = Data Outputs - After a conversion is initiated the 


O's on succeedingcycles go high and are then condition· 
ally reset dependent upon the state of the D input. Once 
conditionally 
reset they remain in the proper state until 


the 
circuit 
is either 
reset or reinitiated. 


EOC = End of Convert - This output goeshigh on the 


negative-going transition 
of the clock following 
FF = 1 
(for the MC14559B) or the conditional reset of 00. This 
allows settling of the digital circuitry 
prior to the End of 
Conversion indication. 
Therefore 
either 
level or edge 


triggering 
can 
indicate 
complete 
conversion. 


Sout 
= 
Serial 
Out 
- 
Transmits 
conversion 
in 
serial 


fashion. Serial data occurs during the clock period when 
the corresponding parallel data bit is conditionally 
reset. 
Serial Out 
is inhibited 
on the initial period of a cycle, 
when the circu it is reset, and on the second cycle after 
EOC goes high. This provides efficient 
operation when 
cascaded. 


·F Fallows 
EGC to activate 
as if in 4-5tage 
register . 


• ·Cascading 
using EGC guaranteed; 
no stable unfunctional 
state. 


Serial Out 
(Continual 
update every 
13 clock 
cycles) 


tCompletion 
of conversion 
automatically 
re-initiates 
cycle in free run mode. 


Externally 
Controlled 
6-Bit ADC (Figure 
2) 


Several 
features 
are shown 
in this application: 
• 
Shortening 
of the 
register 
to six bits by feeding 
the 


seventh 
output 
bit into the F F input. 


• 
Continuous 
conversion, 
if 
a 
continuous 
signal 
is 
appl ied to SC. 
• 
Externally 
controlled 
updating 
(the start 
pulse must 


be shorter 
than 
the conversion 
cycle). 


• 
The 
EGC 
output 
indicating 
that 
the 
parallel 
data 


are 
val id and 
that 
the 
serial 
output 
is complete. 


Continuously 
Cycling 
8-Bit ADC (Figure 
3) 


This 
ADC 
is running 
continuously 
because 
the 
EGG 


signal 
is fed back 
to the SC input,dmmediately 
initiating 


a new cycle 
on the next clock 
pulse. 


Continuously 
Cycling 
12-Bit ADC (Figure 
4) 


Because 
each 
successive 
approxiamtion 
register 
(SAR) 


has a capability 
of handling 
only 
an eight-bit 
word, 
two 


must 
be 
cascaded 
to 
make 
an 
ADC 
with 
more 
than 
eight 
bits. 
When 
it is necessary 
to cascade 
two SAR's, 
the second 
SAR 
must 
have a stable 
resettable 
state 
to remain 
in while 


awaiting 
a subsequent 
start signal. However, 
the first stage 


must 
not 
have 
a stable 
resettable 
state 
while 
recycling, 


because 
during 
switch-on 
or due to outside 
influences, 
the 


first 
stage 
has entered 
a reset 
state, 
the entire 
ADG will 
remain in a stable non-functional condition. 


This 
12-bit 
ADG 
is continuously 
recycling. 
The serial 
as well as the parallel 
outputs 
are updated 
every thirteenth 
clock 
pulse. 
The 
EGC 
pulse 
indicates 
the completion 
of 


the 
12·bit 
conversion 
cycle, 
the end of the 
serial output 
word, 
and the validity 
of the parallel 
data output. 


Externally 
Controlled 
12·8it 
ADC IFigure 
5) 


In this 
circuit 
the 
external 
pulse 
starts 
the 
first SAR 


and simultaneously 
resets 
the cascaded 
second 
SAR. When 
04 
of 
the 
first 
SAR 
goes 
high, 
the 
second 
SAR 
starts 
conversion, and the first one stops conversion. EOC indi· 
cates 
that 
the 
parallel 
data 
are valid 
and 
that 
the 
serial 


output 
is complete. 
Updating 
the 
output 
data 
is started 


with every external control pulse. 


Additional 
Motorola 
Parts for Successive 


Approximation 
ADC 


Monolithic 
digital·to·analog 
converters 
- 
The MC1408/ 


1508 
converter 
has 
eight· bit 
resolution 
and 
is available 


with 
6, 
7, and 
B-bit accuracy. 
The amplifier·comparator 


block 
- 
The 
MC1407/1507 
contains 
a high 
speed 
oper· 


ational 
amplifier 
and 
a high 
speed 
comparator 
with 
ad· 


justable 
window. 


With 
these 
two 
linear 
parts 
it is possible 
to construct 


SA·ADCs 
with an accuracy 
of up to eight 
bits, using as the 


register 
one MC145498 
or one MC145598. 
An additional 


CMOS 
block 
will 
be necessary 
to generate 
the 
clock 
fre· 


quency. 


Additional 
information 
on successive approx imation 


ADC is found 
in Motorola 
Application 
Note 
AN·716. 


@ MOTOROLA 
MC145518 


QUAD 
2-INPUT 
ANALOG 
MUL TIPLEXER/DEMUL 
TIPLEXER 
QUAD 
2-INPUT 


ANALOG 
MUL TIPLEXER/ 


DEMUL TIPLEXER 
The MC14551B 
is a digitally 
controlled 
analog switch. 
It is an 
effective 
4 PDT switch with 
low ON impedance and very low OFF 


leakage cu·rrent. Control 
01 analog signals up to the complete supply 


voltage range can be achieved. 


• 
High On/Off Output Voltage Ratio - 
65 dB typical 


• 
Quiescent Current = 5.0 nA/Package typical @5 Vdc 


• 
Low Crosstalk Between Switches - 
80 dB typical 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Transmits Frequencies Up To 65 MHz 


• 
Linearized Transler Characteristics, 6RON <60 n lor 
Vin @VDD to VEE @ 15 Vdc 


• 
Low Noise - 
12 nV/V 
Cycle, I;;> 1 kHz typical 


~~ 
JI'~~t)~ 
ij ~'6l\mH~~~ 


CASE 
620 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
648 


P SUFFIX 


PLASTIC 
PACKAGE 


MC,4XXXB ~SU~f':e::,:t::Ck.ge 


t= 
P 
Plastic 
Package 


A 
Exte.nded 
Operating 
Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
- VEE 
VDD 
-05 
to 
+ 18 
Vdc 


Inpul 
Voltage. 
All 
Inputs 
V,n 
-05 
to VOO 
+ 05 
Vdc 


Through 
Current 
I 
25 
mAde 


Operating 
Temperature 
Range 
AL 
DevIce 
TA 
-55 
TO 
+ 125 
°c 


C LlCP 
DevIce 
-40 
to +85 


Storage 
Temperature 
Range 
T s19 
-6510 
"150 
°c 


9 
Control 


w 
'4 


'5 
WO 
ON 
1 
W1 
X 
WO XO YO ZO 
2 
XO 
Commons 
WI 
Xl 
Yl 
Z1 
SWItches 
3 
Xl 
Out/ln 


In/Out 
6 
yo 
Y 
VOO' 
Pm 16 
10 
Y1 
Vss·Pin8 


11 
ZO 
Z 
13 
VEE=Pin7 


12 
Z1 


Inlout 
Toutlln 


Control 


WO 
15 
'4 W 
Wl 


XO :: 
X 


Xl 


YO ,:: 
Y 
Yl 


ZO ::: 
Z 
z, 


VOO 
Tlow. 
250C 
Thigh· 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
TVp 
Ma. 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = Vao or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
= 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage: 
"0" 
Level 
VIL 
Vdc 


(VO ; 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Lev~1 
VIH 
Vdc 


(VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO - 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Input Current (Control) 
lin 
- 
- 
- 
- 
10 
- 
- 
- 
pAde 


Input 
Capacitance 
Gin 
pF 


(V;n = 01 


Control, 
Inhibit 
- 
- 
- 
- 
5.0 
- 
- 
- 


Switch 
Inputs 
- 
- 
- 
- 
10 
- 
- 
- 


Outflut 
Capacitance 
Cout 
10 
- 
- 
- 
17 
- 
- 
- 
pF 


Feedthrough 
Capacitance 
Cin-out 
10 
- 
- 
I 
- 
0.10 
- 
- 
- 
pF 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
J..I.Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current ICLlCP Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
pAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current·-t 
IT 
5.0 
IT - 10.07 "A/kHz) 
f + 10 
j.JAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT - 10.20 "A/kHz) 
f + 10 


Per 
Pac kage) 
15 
IT = (0.36 "A/kHz) 
f + 10 


ON Resistance 
(AL Devicel 
RON 
5.0 
880 
- 
250 
1050 
- 
1200 
II 


10 
- 
400 
- 
120 
500 
- 
550 
15 
- 
220 
- 
80 
280 
- 
320 


ON Resistance 
ICL/CP 
Device) 
RON 
5.0 
- 
880 
- 
250 
1050 
- 
1200 
H 


10 
- 
450 
- 
120 
500 
- 
520 
15 
- 
250 
- 
80 
280 
- 
300 


.), ON Resistance 
Between 
Any 
-'RON 
5.0 
- 
- 
- 
25 
- 
- 
- 
H 


Two 
Channels 
10 
- 
- 
- 
10 
- 
- 
- 


15 
- 
- 
- 
5.0 
- 
- 
- 


OF F Channel 
Leakage 
Current 
- 
nAdc 


Any Channel 
25 
- 
100 
- 
,0.01 
100 
- 
- 


(AL Device) 
All Channels OF F 
15 
- 
100 
- 
,0.02 
100 
- 
- 


OF F Channel Leakage Current 
- 
nAdc 


Any Channel 
15 
- 
1000 
- 
,0.01 
1000 
- 
- 


(CLlCP Device) 
All Channels OFF 
15 
- 
1000 
- 
• 0.02 
1000 
- 
- 


·Tlow 
= -SSoC for AL Device. -400C 
for CLlCP Device. 


Thigh = +12SoC for AL Device. +8SoC for CLlCP Device. 


#Noise immunity 
is defined as the control input voltage coincident with the 


specified change. ,\Vout. 
at an output in the OFF state. 


• ·The formulas given are for the typical characteristics only at 2SoC. 


tTotal 
Supply Current. IT. is the current drawn at device terminals VOD and 


VSS for total current through the device. The channel component. 
(Vin-Voutl/RON. 
should not be included. 


Voo-VSS 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Propagation 
Delay Times 
tpLH,tpHL 
ns 


Switch Input to Switch Output (RL:: 
10kQl 


tpLH,tpHL 
= 10.17 ns/pF) CL + 26.5 ns 
5.0 
- 
35 
90 


tpLH,tPHL 
= 10.08 ns/pF) CL + 11 ns 
10 
- 
15 
40 
tpLH,tPHL 
= 10.06 ns/pF) CL + 9.0 ns 
15 
- 
12 
30 


Inhibit 
to Output 
IRL = 10 kQ): 


Output 
"'" 
or "0" to High Impedance, or 
tPHZ,tPLZ 
ns 


High Impedance to "'" 
or "0" 
Level 
tPZH,tPZL 


5.0 
- 
360 
900 


10 
- 
160 
375 


15 
- 
120 
300 


Control 
Input 
to OutPUt 
(A L :: 10 kQ) 
tPLH,tpHL 
ns 


5.0 
- 
350 
875 


10 
- 
140 
350 


15 
- 
100 
250 


Sine Wave Distortion 
- 
10 
- 
0.04 
- 
% 


IR L = 1 kQ, f = 1 kHz) 


Bandwidth 
8W 
10 
- 
55 
- 
MHz 


IRL = 1 kQ, Vin = 1/2 IVOO - VSS) pop, 


20 L0910 Vout 
= -3 dB) 
Vin 


Feedthrough 
Attenuation, 
Input 
to Output 
- 
10 
- 
3.0 
- 
MHz 


IR L = 1 kQ, 20 Log10 Vout 
= -50 dB) 
Vin 


Channel Separation 
- 
10 
- 
3_0 
- 
MHz 


IRL = 1 kQ, Vin = 1/2 IVoo 
- VSS) pop, 


20 L0910 VoutlB) 
= -50 dB) 
VinlA) 


Feedthrough 
Control, 
Input 
to Output 
- 
10 
- 
30 
- 
mV 


IRl 
= 1 kQ, RL = 10 kQ, Cont,ol/inhibit 


tr = tf = 20 ns 


Maximum 
Control Frequency 
- 
10 
- 
10 
- 
MHz 


IRL = 1 kQ. Vout = 1/2 Vin) 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; however, 
it is ad- 
vised that normal precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended that Vin and Vout be constrained to the range VSS 
:co; 
(V in or Vout) 


'" VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g.. either VSS or Vaal. 


Keithley 
160 
DIgital 
~ultlmeter 


3;0 


in 
300 
~ 
0 
2;0 


uz 
~ 200 
~~ ';0 
z 
0 


100 
z 
0~ 
;0 


TA -'12IOC_ 


25°C 


-lloC- 


f'-. 


A 
'\ 
/ 


T A 
~ 125°C 
I'\. 
'\. 


\. 


250 


tC 


-55iC 


700 


600 


in~ 100 
0 


uz 
400 
~~ 300 
~ 
z 
0 
200 


~~ 100 


310 


300 
~ 210 
0 


uz 
200 
~ 
~ '10 
~ '00 
~ 
10 


r.:..:: 
-- 
TA"1250C- 


l---...- 
---- 
21oC- I--- 
- 
;IOC- I--- 


T 


-TA 
= 25°C 
I 


" 
T\. 
T 


I 
I 


\ VOo -21V 
\ 
I 


~ 
-- 


50 
V 


7 I V 


I 


310 


in 
300 
~ 
S 
210 
uz 
~ 200 
~ '10 
Z 
'" 
~ 
'00 


10 
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The MCM14552 is a static random accessmemory (RAM) organ· 
ized in a 64 x 4 bit pattern. The three chip enable inputs can be used 
asextensions of the six addressinputs, creating 9·bit addressscheme. 
Eight MCM 14552 devices may be used to comprise a 2048·bit memo 
ory (512 x 4) without additional addressdecoding. 


The mode control (M) is used to changethe control logic charac· 


teristic of the circuit. 
For example, with M high, the 3·state input 
(T) fully 
controls the 3-state characteristic of the output. With M 
low, the output 
3·state characteristic is controlled 
by chip enable 
inputs (CE), write enable input (WE) and T. 


The memory is designed so that dc signalsmay operate the memo 


ory. with no maximum pulse width restrictions. 
Medium 
speed, micropower 
operation, 
and control 
flexibility 
make the device useful in scratch pad or buffer applications where 
battery operation or high noise immunity are required. 


• 
Quiescent Current = 50 !lA/package typical @ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
3·state Output Capability for Memory Expansion 


• 
Output Data Latch Eliminates Need for Storage Buffer 


• 
AccessTime = 700 ns typical 
@ VDD = 10 Vdc 


• 
Fully Decoded and Buffered 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VOO 
-0.5 to +18 
Vdc 


Input Voltage, All Inputs 
V,n 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL Device 
TA 
-55 to +125 
°c 
C LlC? 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


This 
device 
contains 
circuitry 
10 protect 
the 
inputs 
against 
damage 
due 
to 
hIgh 


static 
voltages 
or 
electric 
fields..; however. 
it is advised 
that 
normal 
precautions 
be 


taken 
to 
aVOid application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 


to this high impedance circuit. 
For proper operation it is recommended that 


Vin and Vout be constrained 
to the range VSS ~ (V," 
or Voutl 
~ VOO· 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either 


VSS or VOO' 


MCM14552 


256-BIT 
(64 X 4) STATIC 


RANDOM 
ACCESS MEMORY 


,~ 


1 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
709 


MOO"'"r,.,,,. 
O~.", 
L L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Voo 
Tlow. 
250C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Ma. 
Unit 


OUlput 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V,n 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 


(VO = 4.5 or 0.5 VdcJ 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 VdcJ 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 VdcJ 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 VdcJ 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH = 9.5 VdcJ 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.51ldcJ 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdc) 
Sink 
tOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 VdcJ 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 VdcJ 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
IOH 
mAde 
(VOH = 2.5 VdcJ 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 VdcJ 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 VdcJ 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 VdcJ 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 VdcJ 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 VdcJ 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Devicel 
'in 
15 
- 
'0.1 
- 
'0.00001 
to.l 
- 
! 1.0 
/-lAde 


Input Current ICLlCP Device) 
'in 
15 
- 
,1.0 
- 
'0.00001 
,1.0 
- 
!14.0 
j.JAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(V in = 0) 


Quiescent 
Current 
tAL 
Device) 
100 
5.0 
- 
5.0 
- 
0.050 
5.0 
- 
150 
.uAdc 


(Per 
Package) 
10 
- 
10 
- 
0.100 
10 
- 
300 


15 
- 
20 
- 
0.150 
20 
- 
600 


QUIescent 
Current 
(CL!CP 
DeVIce) 
100 
5.0 
- 
50 
- 
0.050 
50 
- 
375 
IlAdc 


(Per 
Package) 
10 
- 
100 
- 
0.100 
100 
- 
750 
15 
- 
200 
- 
0.150 
200 
- 
1500 


Total 
Supply 
Current--t 
IT 
5.0 
IT '11.98 
~A/kHz) 
f + '00 
/-lAde 


(Dynamic 
plus 
Quiescent, 
10 
IT =(3.96 ~A/kHz) 
f + 
100 
Per 
Package) 
15 
IT =(5.86 ~A/kHz) 
f + 100 


ICL 
= 50 pF on all outputs, all 


buffers sWitching) 


Three-State Leakage Current 
ITL 
15 
- 
±0.1 
- 
-0.00001 
± 0.1 
- 
,3.0 
}.JAde 


IAL Device) 


Three-State Leakage Current 
ITL 
15 
- 
±100 
- 
-0.00001 
± 1.0 
- 
± 7.5 
}.JAde 


(CUC? 
Device) 


·Tlow 
:=-55°C 
for AL Device, -40oC for CUC? 
Oevice. 
Thigh:= +1250C for AL Device, +850C for CUC? 
Device. 
~Noise immunity specified for worst-case input combination. 


NOise Margin for both "1" and "O"'evel 
== 1.0 Vdc min@VDO 
:: 5.0 Vdc 
2.0 Vdc min@ VDO 
:= 10 Vdc 
2.5 Vdc min @ VOO 
== 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


IT(CL) = IT(50 pF) +4 x 10-3 ICL -50) VOO' 
where: IT is in ~A (per package). CL in pF, VOO in Vdc, and f in kHz is input frequency. 
··The 
formulas given are for the typical characteristics only at 25°C. 


Characteristic 
Figure 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
1 
'TLH 
ns 


'TLH = 13.0 ns/pF) 
CL + 30 ns 
5.0 
- 
180 
360 
'TLH = 11.5 ns/pF) 
CL + 25 ns 
10 
- 
90 
180 
'TLH = (1.1 ns/pFI 
CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
1 
'THL 
ns 


'THL = 11.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 
'THL 
= 10.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 
'TH L = 10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Read Cycle Time 
1,2 
lcyclA) 
5.0 
2000 
6000 
ns 


10 
- 
750 
2200 
15 
- 
500 
1650 


Write Cycle Time 
3,4 
'cyclWI 
5.0 
- 
1200 
3600 
ns 


10 
- 
750 
2200 
15 
- 
500 
1650 


Address to Strobe Setup Time 
1,3 
'suIA·STI 
5.0 
1500 
500 
- 
ns 


10 
450 
150 
- 


15 
350 
120 
- 


Strobe to Address Hold Time 
1,3 
'hlST·A) 
5.0 
150 
50 
- 
ns 


10 
100 
0 
- 


15 
75 
0 
- 


Address to Chip Enable Serup Time 
2,4 
'sulA·CEI 
5.0 
1800 
600 
- 
ns 
10 
600 
200 
- 


15 
450 
150 
- 


Chip Enable to Address Hold Time 
2,4 
'hlCE·A) 
5.0 
450 
150 
- 
ns 


10 
300 
100 
- 


15 
225 
75 
- 


Strobe or Chip Enable Pulse Width When Reading 
1,2 
'WLlA) 
5.0 
1800 
450 
- 
ns 


10 
450 
150 
- 


15 
350 
100 
- 


Strobe or Chip Enable Pulse Width When Writing 
3,4 
'WLlW) 
5.0 
3600 
1200 
ns 


10 
1800 
600 
- 


15 
1350 
400 
- 


Read Setup Time 
1 
'suIA) 
5.0 
0 
-100 
- 
ns 


10 
0 
-40 
- 


15 
0 
-30 
- 


Read Hold Time 
1 
'hlAI 
5.0 
540 
180 
- 
ns 


10 
240 
60 
- 
15 
180 
45 
- 


Data Setup Time 
3,4 
'sulD) 
5.0 
1800 
600 
- 
ns 


10 
600 
200 
- 


15 
450 
150 
- 


Data Hold Time 
3,4 
'hlDI 
5.0 
600 
200 
- 
ns 
10 
150 
50 
- 


15 
120 
30 
- 


Characteristic 
Figure 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Write Enable Setup Time 
3,4 
'sulWEI 
5.0 
720 
240 
ns 


10 
240 
80 
- 


15 
180 
55 
- 


Write Enable Hold Time 
3,4 
'h(WEI 
5.0 
150 
50 
ns 


10 
60 
20 
- 


15 
45 
15 
- 


Read Access Time from Strobe 
1,3 
'acclR·STI 
5.0 
- 
2000 
6000 
ns 


10 
- 
700 
2100 


15 
- 
350 
1600 


Read Access Time from Chip Enable 
2 
'acclR·CEI 
5.0 
- 
2100 
6300 
ns 


10 
- 
750 
2250 


15 
- 
400 
1700 


Output 
Enable/Disable 
Delay from Chip Enable or 
2,4 
'RICEI, 
5.0 
400 
1200 
ns 


Write Enable 
'R(WEI 
10 
- 
200 
600 


15 
- 
150 
450 


Three-State 
Enable/Disable 
Output 
Delay 
2 
'ITI 
5.0 
- 
400 
1200 
ns 


10 
- 
160 
480 


15 
- 
120 
360 


Latch to Output 
Propagation Delay 
1 
'LE 
5.0 
- 
500 
1500 
ns 


10 
- 
200 
600 


15 
- 
150 
450 


Din Din Din Din 
o 
3 


4 
6 
8 
10 


9 
9 
'i' 


WE 
11 


ST2 


eE1 
23 
CE2 22 


CE3 21 


3 to 8 


DO 
00 
3 
Dout 0 


Decoder 
64 x 4 


01 
01 
5 
Dout 
1 


Memory 
Latches 


02 
Q2 
7 
Dout 
2 


3 t08 
Array 


03 
03 
9 
Dout3 
Decoder 


VDD 
- Pin 24 


VSS = Pin 12 


tcyc(R) 


VOO 


VSS 


VOO 


50% 


VSS 


tWL(R) 


VOO 


VSS 


J-.," 
-- 


IA-STJ 


tcyc(R) 
~ 
~ 


================================* 
50% 


Notes; 
1 - 
Unused CE, ST, M and T are loW' and WE is high. 


2 - 
HIgh impedance 
output 
state occurs when any CE 
is high 
and M is tow, or when T is high. 


3 - 
The output 
displays data from 
the previous state. 


4 - 
tWLIR) 
;;. taccIR-CElmax' 


tcyc(W) 


* 


VOO 
Address 


VSS 


th(A-ST) 


VOO 


Strobe 


VSS 


VOO 


Write 
Enable 


VSS 


VOO 


Data In 


tacc(R·STl 
c~:: 
Data Out 
4 


VOL 
Notes: 
, - CE1, 
CE2, CE3 and T are maintained 
at the logical 
"0" 
level. 


2 - 
M is maintained 
at the logical 
"," 
level. 


3 - 
The output 
displays 
the contents 
of the previous 
state. 
4 - 
The output 
displays 
the contents 
of the presently 
addressed location 
as in a 
read modify 
write 
cycle. 


S - 
The output 
displays 
the data that 
was written 
into 
addressed location. 


tcyc(W) 
1. 


====================~,~O% 


Voo 


50% 
------VSS 


Notes: 
, - 
High impedance 
output 
state occurs when CE is high or when WE 
is low, for 
Mend 
T maintained 
in the low state. 
2 - 
Unused ~·s. 
ST. 
M and T are maintained 
at the logical 
"0" 
level. 


Function 
CE 1 
CE 2 
CE 3 
T 
LE 
M 
ST 
WE 
Din 
Dout 
Comments 


Addren 
X 
X 
X 
X 
X 
X 
1 
X 
X 
RIA 
Dout will be Klwe If all 
Changing 
X 
X 
1 
X 
X 
X 
X 
X 
X 
RIA 
CE.oo0, 'f. 
0 and WE· 
1 


Valid 
X 
1 
X 
X 
X 
X 
X 
X 
X 
RIA 
ori,M.ooland'f.ooO 
I 
X 
X 
X 
X 
X 
X 
X 
X 
RIA 


Address Changing 
0 
0 
0 
X 
X 
X 
0 
X 
X 
RIA 
Dout WIllbe ac::tiveif T ..•0 


Not Valid 
andW!.oo 1 or ,f M" 
1 
and f.oo 0 


Dout Disabled 


(,n high resluanceslatel 
X 
X 
1 
X 
X 
0 
X 
X 
X 
R 
Disables wrlle Clrcullry 


X 
1 
X 
X 
X 
0 
X 
X 
X 
R 
1 
X 
X 
X 
X 
0 
X 
X 
X 
R 


X 
X 
X 
1 
X 
X 
X 
X 
X 
R 
T • 1 always dIsables 00u I 


X 
X 
X 
X 
X 
0 
X 
0 
X 
R 
M ,. 0 and write operation 
disables Dout 
Dout E'nabled 
0 
0 
0 
0 
X 
X 
X 
1 
X 
A 
Read operatton, 
Dou1 active 


(mactovestate) 
X 
X 
X 
0 
X 
1 
X 
X 
X 
A 
Read or write. 00UI acHve 


Read Addressed 
0 
0 
0 
X 
0 
X 
0 
X 
X 
RIA 
II WE ·0, 
Din· 
Dout 
Memory Locanon 
Into Output 
Latch 


DIsable Reachng 
X 
X 
1 
X 
X 
X 
X 
X 
X 
RIA 


From Memory 
X 
1 
X 
X 
X 
X 
X 
X 
X 
RIA 


1 
X 
X 
X 
X 
X 
X 
X 
X 
RIA 


X 
X 
X 
X 
X 
X 
1 
X 
X 
RIA 


X 
X 
X 
X 
X 
X 
X 
0 
X 
RIA 


Write IntO Memory 
0 
0 
0 
X 
X 
X 
0 
0 
A 
RIA 


Write Disabled 
X 
X 
1 
X 
X 
X 
X 
X 
X 
RIA 


X 
1 
X 
X 
X 
X 
X 
X 
X 
RIA 


1 
X 
X 
X 
X 
X 
X 
X 
X 
RIA 


X 
X 
X 
X 
X 
X 
I 
X 
X 
RIA 


X 
X 
X 
X 
X 
X 
X 
I 
X 
RIA 


OUlput Lalch Enabled 
0 
0 
0 
X 
0 
X 
0 
X 
X 
RIA 


OUlput Lalch Disabled 
X 
X 
1 
X 
X 
X 
X 
X 
X 
RIA 


X 
1 
X 
X 
X 
X 
X 
X 
X 
RIA 


I 


1 
X 
X 
X 
X 
X 
X 
X 
X 
RIA 


X 
X 
X 
X 
1 
X 
X 
X 
X 
RIA 


X 
X 
X 
X 
X 
X 
1 
X 
X 
RIA 


R 
•. High resistance stale at Doul 
A 
An achve level of enner VDD o. VSS 


RIA" 
An R or A cond",on 
depend,ng on Ihe don't care condd,on 


X 
Don't care cond,tron 
(must be tn lhe 
1" or "0" stalet 


1 
• A h.gh level at VOO 
o 
A low level al VSS 


'f 'f 'f 'f 


eE3 
eE2 
eE, 
A5 
A4 
A3 
A2 
A' 
AO 
--< 
ST 


--<1' 


[£ 
I 
t 
. 
I MCM'4 
I 
32 pia 


I 


CE3 


CE2 
eE, 


--< 
A5 
~ 
--< 
A4 
A3 
A2 
A' 
AO 


--< ST 


T 
~ ~ ~ ~ 


All M and 
inputs 
ar 
grounded 


@ MOTOROLA 


The IViC14553Bthree-digit BCD counter consists of three negative 
edge triggered BCD counters that are cascaded synchronously. A 
quad latch at the output 
of each counter permits storage of any 


given 
count. 
The 
information 
is then 
time 
division 
multiplexed, 


providing one BCD number or digit at a time. Digit select outputs 
provide display control. All outputs are TTL compatible. 
An on-chip oscillator provides the low-frequency scanning clock 


which drives the multiplexer output selector. 


This 
device 
is used 
in 
instrumentation 
counters. 
clock 
displays, 
digital 
panel meters, and as a building 
block 
for 
general logic 


applications. 


• 
TTL Outputs 


• 
On-Chip Oscillator 


• 
Cascadable 


• 
Clock Disable Input 


• 
PulseShaping Permits Very Slow RiseTimes on Input Clock 


• 
Output Latches 


• 
Master 
Reset 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0510 
+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
..() 5 to VDD 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pm 
I 
10 
mAde 


DC Current 
per Pin, 
All 
Outputs 
I 
20 
mAde 


Operating 
Temperature 
Range 
~ 
AL 
Device 
TA 
-55 
to +125 
°c 


C L/CP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


INPUTS 


MASTER 
RESET 
CLOCK 
DISABLE 
LE 
OUTPUTS 
a 
~ 
a 
a 
No Change 


a 
~ 
a 
a 
Advance 
a 
x 
, 
x 
No Change 


a 
1 
---.r- 
a 
Advance 


a 
1 
------ 
a 
No 
Change 
a 
a 
x 
x 
No 
Change 
a 
x 
x 
~ 
latched 
a 
x 
x 
1 
Latched 


1 
X 
X 
a 
00 = Q1 = Q2 '" 


03= 0 


MC145538 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~fiXce::i:t::Ck.ge 


t=. P 
PlastIC 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 


4 


C1A 
C1S 
00 
9 


'2 
Clock 
01 


02 
6 


10 
LE 
03 


a.F. 
14 


" 
Dis 
551 


552 
13 
MR 
DS3 
15 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to 
high 


static 
voltages 
or 
electric 
fields; 
however, 


it 
is 
advised 
that 
normal 
precautions 
be 


taken to avoid application of any voltage 


higher 
than 
maximum 
rated 
voltages 
to 


this high impedance circuit. For proper 


operation 
it is recommended 
that 
Vin 
and 


Vout 
be 
constrained 
to 
the 
range 
VSS 
~ 


(Vin or Vout' 
~ 
VOD· 


Unused inputs must always be tied to an 


appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS or VDDI. 


Tlow. 
250C 
Thigh * 
VOO 
Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
.Max 
Min 
Max 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


Vin=VDDorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vin=OorVDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage:#: 
"0" 
Level 
VIL 
Vde 


1VO = 4.5 or 0.5 Vde) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va = 9.0 or 1.0 Vde) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1VO = 13.5 or 1.5 Vde) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vde 


(Va 
= 0.5 or 4.5 Vde) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


1VO = 1.0 or 9.0 Vde) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va = 1.5 or 13.5 Vde) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
10H 
mAdc 


1VOH 
4.6 Vde) 
Source 
5.0 
-0.25 
- 
-0.20 
-0.36 
- 
-0.14 
- 


1VOH = 9.5 Vde) 
10 
-0.62 
- 
-0.50 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vde) 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1. 1 
- 


1VOL = 0.4 Vde) Sink·Pin 3 
10L 
5.0 
0.23 
- 
0.2 
0.88 
- 
0.16 
- 
mAdc 


1VOL = 0.5 Vde) 
10 
0.60 
- 
0.5 
2.25 
- 
0.40 
- 


(VOL = 1.5 Vde) 
15 
1.80 
- 
1.5 
8.8 
- 
1.20 
- 


(VOL 
= 0.4 Vdc)Sink-0ther 
Outputs 
10L 
5.0 
2.4 
- 
2.5 
4.0 
- 
1.6 
- 
mAdc 


(VOL = 0.5 Vde) 
10 
3.8 
- 
5.0 
8.0 
- 
3.5 
- 


(VOL = 1.5 Vde) 
15 
10 
- 
15 
20 
- 
10 
- 


Output Drive Current (CL/CP Device) 
10H 
mAdc 


(VOH = 4.6 Vdcl 
Source 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


iVOH 
= 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vde) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vde) Sink·Pin 3 
10L 
5.0 
0.23 
- 
0.2 
0.88 
- 
0.16 
- 
mAdc 
(VOL = 0.5 Vde) 
10 
0.60 
- 
0.5 
2.25 
- 
0.40 
- 


(VOL = 1.5 Vde) 
15 
1.80 
- 
1.5 
8.8 
- 
1.20 
- 


(VOL = 0.4 Vdc) Sink-Other Outputs 
10L 
5.0 
2.4 
- 
2.0 
4.0 
- 
1.6 
- 
mAdc 


(VOL = 0.5 Vde) 
10 
3.8 
- 
3.0 
8.0 
- 
2.5 
- 


(VOL = 1.5 Vdcl 
15 
10 
- 
8.4 
20 
- 
7.0 
- 


Input Current IAL Device) 
lin 
15 
- 
'0.1 
- 
'0.00001 
.0.1 
- 
'1.0 
JoJAdc 


Input Current (CUCP 
Device) 
lin 
15 
- 
'0.3 
- 
'0.00001 
'0.3 
- 
'1.0 
JoJAdc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


1Vin = 0) 


Quiescent Current (AL Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
JoJAdc 
(Per Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 


15 
- 
20 
- 
0.030 
20 
- 
600 


Quiescent Current (CUC? 
Device) 
'00 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
!,Aue 


(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 


15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply Current**t 
IT 
5.0 
IT = 10.35 !'A/kHz} 
f + 100 
JoJAdc 


(Dynamic plus Quiescent, 
10 
IT = (0.85 !'A/kHz) 
f + 100 
Per Package) 
15 
IT = 11.50 !'A/kHz) 
f + 100 
ICL = 50 pF on all outputs, all 
buffers switching) 


-Tlow;: 
-55°C 
for AL Device. -40oC for CUCP 
Device. 


Thigh;: 
+12SoC for AL Device. +850C for CUC? 
Device. 


.::NolseImmunity 
SP~l:lfied 
for worst-case input combination. 


NOIse Margm for both "1" and "0" level::: 1.0 Vdc min @ VDO 
= 5.0 Vdc 


2.0 Vdc min@ VDD 
;: 10 Vdc 
2.5 Vdc min@ VDO 
;: 15 Vdc 
tTo calculate total supply current at loads other than 50 pF, 


ITICL) 
= IT(50 pF) + 4 x 10-3 ICL -50) Vaa' 
where: IT 
IS in JoJAIper package). CL in pF, VOD in Vdc. and f in kHz is input frequency, 


-. The formulas given are for the typical characteristics only at 2SoC. 


-- 


. 
.'" 
.._ .. 
_ ...~ 


Output 
Rise Time 
3. 
tTLH 
ns 


tTLH : (3.0 ns/pF) 
CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pF) 
CL + 15 ns 
10 
- 
90 
180 


tTLH: 
11.1 ns/pF) 
CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
3. 
tTHL 
ns 


tTHL: 
11.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= (0.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 


tTHL: 
10.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Clock to BCD Out 
3. 
tpLH. 
5.0 
900 
1800 
ns 


tPHL 
10 
- 
500 
1000 


15 
- 
300 
600 


Clock to Overflow 
3. 
tpHL 
5.0 
- 
600 
1200 
ns 


10 
- 
400 
800 


15 
- 
200 
400 


Reset to BCD Out 
3b 
tPHL 
5.0 
- 
900 
1800 
ns 
10 
- 
500 
1000 
15 
- 
300 
600 


Clock to Latch Enable Setup Time 
3b 
tsu 
5.0 
600 
300 
- 
ns 
10 
400 
200 
- 


15 
200 
100 
- 


Clock Pulse Width 
3. 
tWHlcll 
5.0 
550 
275 
- 
ns 


10 
200 
100 
- 


15 
150 
75 
- 


Reset Pulse Width 
3b 
twHIRI 
5.0 
1200 
600 
- 
ns 


10 
600 
300 
- 


15 
450 
225 
- 


Input Clock Frequency 
3. 
lei 
5.0 
- 
1.5 
0.9 
MHz 


10 
- 
5.0 
2.5 


15 
- 
7.0 
3.5 


Input Clock Rise Time 
-- 


3b 
tTLH 
5.0 
No 
ns 


10 
Limit 
15 


Scan Oscillator 
Frequency 
2 
lose 
5.0 
- 
OAICl 
- 
Hz 


10 
- 
1.2/Cl 
- 
(Cl 
measured 
inJ,lF) 
15 
- 
1.6/Cl 
- 


~ 
1000 
;::: 
~ ~ 
800 
c« 


~ 
~ 
600 
l?~ 
~~ 
~ 
400 


x«~ 
~ 


...•..•... 


......... 


....•.•... 
......... 


....•.• 
..•...•.•. 


"'- 
vCL 
DEViCE 


"'- " 
CP DEVICE 
......... 
'" AL 
DEVICE 


"'- 
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The MC14553B three-digit counter, shown in Figure 4, 
consists of 
three negative edge-triggered BCD counters 
which arecascadedin a synchronous fashion. A quad latch 
at the output of each of the three BCD counters permits 
storage of any given count. The three setsof BCD outputs 
(active highl, 
after going through the latches, are time 


division multiplexed, providing one BCD number or digit 
at a time. Digit select outputs lactive low) are provided 
for display control. All outputs are TTL compati ble. 


An on-chip oscillator provides the low frequency scan- 


ning clock which drives the multiplexer output selector. 
The frequency 
of 
the oscillator can be controlled 
ex- 


ternally by a capacitor between pins 3 and 4, or it can be 
overridden and driven with 
an external clock at pin 4. 


Multiple 
devices can be cascaded using the overflow 
output, 
which 
provides 
one pulse for every 
1000 
counts. 


The Master Resetinput, when taken high, initializes the 


three BCD counters and the multiplexer scanning circuit. 
While Master Reset is high the digit scanner is set to digit 
one; but 
all three digit select outputs are disabled to 


prolong display life, and the scan oscillator is inhibited. 
The Disable input, when high, prevents the input clock 
from reaching the counters, while still retaining the last 
count. A pulse shaping circuit at the clock input permits 
the counters to continue operating on input pulseswith 
very slow rise times. Information 
present in the counters 


when the latch input 
goes high, will 
be stored in the 


latches and will 
be retained while 
the 
latch 
is high, 


independent of other inputs. Information can be recovered 
from 
the latches after the counters have been reset if 


Latch Enable remains high during the entire reset cycle. 
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Circuit 
diagrams utilizing 
Motorola 
products 
are Included 
as a means 


of 
illustratIng 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
tor 
construction 
purposes is not 
necessarily 
given. 
The information 
has been carefullv 
checked 
and 


IS believed 
to 
be entirety 
reliable, 
However, 
no responsibility 
is 


assumed tor 
inaccuracies. 
Furthermore. 
such information 
does not 


convey 
to the purchaser of the semiconductor 
devices described any 


license under the patent fights of Motorola Inc. or others. 


@ MOTOROLA 


The MC14554B 2 x 2-bit parallel binary multiplier is constructed 


with complementary MOS (CMOS) enhancement mode devices.The 
multiplier can perform the multiplication of two binary numbers 
and simultaneously add two other binary numbers to the product. 
The MC14554B has two multiplicand 
inputs (XO and Xl), 
two mul· 
tiplier inputs (YO and YlI, 
five cascadingor adding inputs (KO, K1, 
MO, Ml, 
and M2), and five sum and carry outputs (SO,51, 52, C1 


[S3J, and CO). The basic multiplier can be expanded into a straight- 
forward m-bit by n·bit parallel multiplier 
without 
additional logic 
elements. 
Application 
areas include 
arithmetic 
processing (multiplying/ 


adding, 
obtaining 
square 
roots, 
polynomial 
evaluation, 
obtaining 


reciprocals, and dividing), Fast Fourier Transform processing,digital 
filtering, communications Iconvoluation and correlation), and process 


and machine 
controls. 


• 
Diode Protection on All Inputs 


• 
All Outputs Buffered 


• 
Quiescent Current = 5.0 nA typical 
@ 5 Vdc 
• 
Straight-forward m-Bit By n-Bit Expansion 


• 
No Additional 
Logic Elements Neededfor Expansion 


• 
Multiplies and Adds Simultaneously 


• 
Positive Logic Design 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TTL Loads,One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 


ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Voo 
-05 
to +18 
Vdc 


Input 
Voltdge. 
All 
Inputs 
Vin 
-0.510 VOD + 0.5 
Vdc 


DC 
Currenl 
DraIn 
pel 
Pin 
I 
10 
mAde 


Operdtlng 
Temperature 
Range 
- 
AL 
DeVIce 
TA 
-55 to +125 
DC 


C LlCP 
DeVIce 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
DC 


MC145548 


2-BIT BY 2-BIT PARALLEL 
BINARY 
MULTIPLIER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;:e::;:t::Ckage 


L P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


This device contains circuitry to protect 
the 
inputs against damage due 
to 
high 


static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than 
maximum 
rated voltages to 


this high impedance circuit. 
For proper 


operation it is recommended that Vin and 
Vout be constrained to the range VSS ~ 


(V in or Voutl 
~ VOO' 


Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or Vool. 


s= 
IX x Y) 
+ K +M 
Where: 
x Means Arithmetic Times. 
+ Means Arithmetic Plus. 
S = S3 S2 Sl SO,X = X1XO, Y = Y1YO, 
K = Kl 
KO, M = Ml MO (Binary Numbers). 


Example: 


Given: 
X = 2110), Y = 3(11) 
K=1(01),M=2110) 


Then: 
S = 12x 3) + 1 + 2 = 9 
S = (10 x 111+ 01 + 10 = 1001 


VOO 
Tlow. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
TVp 
Max 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 
.. ," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VoltageU 
"0" 
Level 
VIL 
Vdc 


(Va 
c 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


{Va" 
9.0 or 1.0 VdcJ 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va 
= 13.50< 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
"1" level 
VIH 


{Va 
= 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(Va 
= 1.00,9.0 
VdcJ 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1.5 or 13.5 VdcJ 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL Device) 
IOH 
mAde 


{VOH 
= 2.5 VdcJ 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH = 4.6 VdcJ 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH 
= 9.5 VdcJ 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH 
= 13.5 VdcJ 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 VdcJ 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CL/CP 
Device) 
IOH 
mAde 


(VOH 
= 2.5 VdcJ 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


{VOH 
= 4.6 VdcJ 
5.0 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


(VOH 
= 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH 
= 13.5 VdcJ 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 VdcJ 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
.- 


(VOL 
= 1.5 VdcJ 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
± 01 
'000001 
to.l 
, 1.0 
;JAde 


Input 
Current 
ICLlCP 
Device) 
lin 
15 
- 
, 0.3 
- 
'0.00001 
±0.3 
- 
, 1.0 
pAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 01 


Quiescent 
Current 
(AL 
DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
J-lAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUIescent 
Current 
(CLlCP 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J.JAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current· 
• t 
IT 
5.0 
IT = (1.0 ~A/kHzl 
f + 100 
pAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = (2.0 ~A/kHzl 
I + 100 


Per Packagel 
15 
IT = (3.0 ~A/kHz) 
f ., 100 


(CL 
.,. 50 pF on all 
outputs, 
all 


buffers 
switching) 


·Tlow 
-550C 
for 
AL 
DeVIce, -40oC 
for 
CUCP 
Device. 


ThIgh'" 
+1250C 
for 
AL 
Device, 
+850C 
for 
CUCP 
Device. 


~Noise 
Immunity 
spec..:ified for 
worst·case 
input 
combination 


Noise 
Margin 
for 
both"'" 
and "0" 
level'" 
1.0 Vdc 
min 
@ VDD 
~ 5.0 Vdc 


2.0 
Vdc 
min 
@ VDD 
'"' 10 Vdc 


2.5 Vdc 
min@ 
VDD 
'" 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 50 pF: 


'T(CL) 
= ITI50 pF) + 3.5.10-3 
{CL -SOl VODI 


where: 
IT is in ~A 
(per 
package), 
CL 
in pF, 
VDD 
in Vdc, 
and 
f in kHz 
is input 
frequency. 


- -The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 250C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH 
= (3.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= (1.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 
tTLH 
= (1.1 ns/pFI CL + 10ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 
tTHL 
= 11.5 ns/pFJ CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pFJ CL + 12.5 ns 
10 
- 
50 
100 
tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH. 
ns 
KO to CO 
tPHL 


tPLH, tPHL = (1.7 ns/pFI CL + 185 ns 
5.0 
- 
270 
675 
tPLH. tpHL 
= 10.66 ns/pFI CL + 82 ns 
10 
- 
115 
290 
tPLH. tPHL = 10.5 ns/pFI CL + 60 ns 
15 
- 
85 
215 
MO to S2 
tPLH. tPHL = 11.7 M/pFI 
CL + 595 ns 
5.0 
- 
680 
1700 
tPLH. tPHL = 10.66 ns/pFI CL + 247 ns 
10 
- 
280 
750 
tPLH. tpHL = (0.5 ns/pFI CL + 185 ns 
15 
- 
210 
570 
. 


For 
KO to 
CO: 


Inputs 
XO. Xl, 
YO, Yl, 
K1, and M210w, 
and inputs 


MO and 
Ml 
high 
For 
MO to 52: 
Inputs 
X1, 
Yl, 
and KO low, 
and inputs XO, yo, 


Kl, 
Ml, 
and M2 high. 


Y (n·1) 
Y3 
Yl 
Yl 
VOO 


M(n-2) 
Y(n-2) 
M2 
Y2 
MO 
MO 
YO 
YO 


M(n-1) 
XO 
M3 
XO 
Ml 
Ml 
XO 
XO 


Xl 
CO 
Xl 
Xl 


M2 
KO 
KO 


Cl 
SO 


S2 
Kl 
Kl 


VSS 
S1 
~ 


Y3 
Yl 


Y(n-21 
YO 


I 


X2 
X2 
X and K 


X3 
X3 
• 


K2 


---~ 
K3 


---l 


, 


Y(n2)l 
YO 


X(m-2) 
--- 
-X(m-21 


X(m-1)! 
X(m-l) 


K(m-21 


Klm-l) 


S(m + n-l) 
S(m + n-2) 
S(m + n-3) 
S(m+2) 
S (m+1) 
S(m) 
S(m-l) 
S3 
S1 
S(m·2) 
S2 
SO 


Y and M•• 


S:S(m+ 
n-1)S(m+ 
n·2) ---S2S1 
SO 


X:: 
X(m-1) 
X (m-2) - - - X2 X1 XO. Y:: 
Y{n-1) 
Y(n-2) 
- _. Y2 Y1 YO 
K"" K(m-1) 
K(m-2) 
- - - K2 K1 KO and M:: 
M(n-1) 
M(n-2) 
... 
M2 M1 MO 


(Binary 
Numbers). 


Circuit 
diagrams 
external 
to 
Motorola 
products 
are included 
as a means of illustrating 
typical 
semiconductor 
applications; 
consequently. 


complete 
information 
sufficient 
for 
construction 
purposes is not necessarily given. 
The information 
in this Application 
Note has been care- 


fully 
checked 
and is believed to be entirely 
reliable. 
However, no responsibility 
is assumed for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of Motorola 
Inc. or others. 


@ MOTOROLA 


DUAL BINARY 
TO 1-0F-4 
DECODER/DEMULTIPLEXER 


The MC14555B and MC14556B are constructed with comple- 
mentary MOS (CMOS) enhancement mode devices. Each Decoder/ 
Demultiplexer has two select inputs (A and B). an active low Enable 
input (E), and four mutually 
exclusive outputs (QO, Ql, Q2, Q3). 


The MC14555B has the selected output go to the "high" state, and 
the MC14556B has the selected output go to the "low" 
state. Ex- 


panded decoding such as binary-to-hexadecimal (1-of-16). etc., can 
be achievedby using other MC14555B or MC14556B devices. 
Applications include code conversion, addressdecoding, memory 


selection control, and demultiplexing 
(using the Enable input as a 


data input) 
in digital data transmission systems. 


• 
Diode Protection on All Inputs 


• 
Noise Immunity 
= 45% of VDD Typical 
• 
Active High or Active Low Outputs 


• 
Low Quiescent Current - 5.0 nA/package typical @ 5 Vdc 


• 
Expandable 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 
• 
Capable of Driving Two Low-power TTL Loads,One Low-power 
Schottky TTL Load or Two HTL LoadsOver the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
VOltage 
Vaa 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to Vaa 
+ 0.5 
Vdc 


DC Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 to +125 
°c 


C LlC? 
Device 
-40 to +85 


Storage 
Temperature 
Range 
TSt9 
-65 to +150 
°c 


BLOCK DIAGRAM 


MC14555B 
MC14556B 


A 
00 
4 
A 
50 
4 


B 
01 
B 
51 


02 
6 
52 
6 


03 
53 


14 
00 
12 
14 
50 
12 


01 
" 
51 
" 
13 
13 
02 
10 
52 
10 


15 
03 
9 
15 
53 
9 


VOD 
= Pin 
16 
VSS=Pin8 


MC14555B 
MC14556B 


DUAL BINARY 
TO 1-0F-4 


DECODER!DEMUL 
TIPLEXER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f"ce::,:t::Ckage 


L P 
PlastIC Package 


A 
Extended Operating 


Temperature 
Range 


C 
limited 
Operating 


Temperature 
Range 


INPUTS 
OUTPUTS 
OUTPUTS 


ENABLE SELECT 
MC14555B 
MC14556B 


E 
B 
A 
03 02 01 00 ih 02 01 00 


0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 


0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
1 


0 
1 
0 
0 
1 
0 
0 
1 
0 
1 
1 


0 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 


1 
X 
X 
0 
0 
0 
0 
1 
1 
1 
1 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against damage due to 
high 


static voltages or electric fields; however, 
it 
is advised that 
normal precautions be 


taken to avoid application of any voltage 
higher than 
maximum 
rated voltages to 


this 
high impedance circuit. 
For proper 


operation it is recommended that Vin and 
Vout be constrained to the range Vss <; 
(Vin or Vout) " VDD' 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VSS or Vaal. 


VDD 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Ou tpu 
t Vol 
tage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
o or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VoltageH 
"0" Level 
VIL 
Vdc 
1VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


IVO 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


IVO 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1VO ~ 1.0 m 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
IVO' 
1.50,13.5 
Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 


IVOH • 2.5 VdcJ 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


IVOH 
4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH = 9.5 VdcJ 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
1VOH = 13.5 VdcJ 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


IVOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUep 
Device) 
10H 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
··0.8 
-1.7 
- 
-0.6 
- 
1VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 VdcJ 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 VdcJ 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL - 1.5 VdcJ 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
tAL 
Device) 
lin 
15 
±O.l 
'0.00001 
±O.l 
± 1.0 
,/JAde 


Input 
Current 
(CUep 
Device) 
110 
15 
- 
, 0.3 
- 
±O.OOOOl 
, 0.3 
- 
, 1.0 
}.lAde 


Input 
Capacitance 
Ctn 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V in 
01 


QUiescent 
Current 
(AL 
DevIce) 
100 
50 
- 
5.0 
- 
0.005 
5.0 
- 
150 
J.lAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CUep 
Device) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Packagel 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT = 10.85 .uA/kHzI 
f + 100 
IJAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = 11.7 ~A/kHz) 
f + 100 


Per 
Package) 
15 
IT' 
(2.6 ~A/kHzl 
f + 
100 


(CL 
50 
pF 
on all outputs, 
all 


buffers 
switchingl 


·Tlow 
-SSoC 
for 
AL 
Device, 
-40°C 
for 
CL/CP 
Device. 


Thigh 
= -t12SoC 
for 
AL 
Oevice, 
+8SoC 
for 
CLlCP 
Device. 


;;Noise 
Immunity 
spedfied 
for 
worst·case 
input 
combination. 


NOise 
MargIn 
for 
both 
"1" 
and 
"0" 
level 
- 
1.0 
Vdc 
min@VOO 


2.0 
Vdc 
min 
@ VDD 


2.S 
Vdc 
min 
@ VOO 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
SO pF: 


ITICLI 
ITI50 pF) + 2 x 10-3 
(CL -501 
VOOf 


where: 
IT 
is in ~A 
lper 
package), 
CL 
in pF, 
VOD 
in Vdc, 
and 
f in kHz 
is input 
frequency, 


"The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 2SoC. 


05.0 
Vdc 


10 Vdc 


~ 15 Vdc 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time - 
A, B to Output 
tPLH, 
ns 


tPLH, tPHL = 11.7 ns/pFI CL + 135 ns 
tpHL 
5.0 
- 
220 
440 


tPLH, tPHL = 10,66 ns/pFI CL + 62 ns 
10 
- 
95 
190 


tPLH, tPHL = 10.5 ns/pF) CL + 45 ns 
15 
- 
70 
140 


Propagation Delay Time - 
E to Output 
tPLH, 
ns 
tpLH, 
tPHL = 11.7 ns/pFI CL + 115 ns 
tpHL 
5.0 
- 
200 
400 


tPLH, tPHL = 10.66 ns/pFI CL + 52 ns 
10 
- 
85 
170 
tpLH 
tpHL = 10.5 ns/pFI CL + 40 ns 
15 
- 
65 
130 


i\----------VOH 


OutPutQl~ 
\~---------VOL 


lOGIC 
DIAGRAM 
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The MC14557B is astatic clocked serial shift register whose length 


may be programmed to be any number of bits between 1 and 64. The 
number of bits selected is equal to the sum of the subscripts of the 
enabled Length Control inputs (L 1, L2, L4, L8, L16, and L32) plus 
one. Serial data may be selected from the A or B data inputs with 
the AIB select input. This feature is useful for recirculation purposes. 
A Clock Enable (CEI input is provided to allow gating of the clock 
or negative edgeclocking capability. 


The device can be effectively used for variable digital delay lines 
or 
simply 
to 
implement 
odd 
length 
shift 
registers. 


characteristics 
can be found 
on the 
Family 
Data 
Sheet. 


• 
Quiescent Current = 10 nAlpackage typical 
@ 5 Vdc 


• 
1-64 Bit Programmable Length 


• 
Q and Q Serial Buffered Outputs 


• 
Asynchronous 
Master Reset 


• 
All Inputs Buffered 


• 
No Limit On Clock Rise and Fall Times 


• 
8 MHz Operation @ VDD = 10 Vdc Typical 


• 
Supply Voltage Range~ 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature 
Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
VOltage 
Voo 
-05 
to +18 
Vdc 


Input 
Vultage. 
All 
Inputs 
V,n 
-0 5 to Vo 0 + 05 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 
CLlCP 
DevIce 
-40 to +85 


Storage Temperature Range 
T st9 
-65 
to +150 
°c 


L32 
L 16 
La 
L4 
L2 
L 1 
Register 
Length 


a 
a 
0 
0 
0 
0 
l-Bit 


a 
a 
0 
0 
a 
1 
2·Bits 
a 
a 
a 
a 
1 
0 
3 Bits 
a 
a 
a 
0 
1 
1 
4-Bits 
a 
a 
a 
1 
a 
a 
5-Bits 
a 
a 
a 
1 
a 
1 
6 Bits 


1 
a 
0 
0 
a 
a 
33·Bits 


1 
a 
0 
0 
a 
1 
34 
Bits 


1 
1 
1 
1 
a 
a 
61·Blts 


1 
1 
1 
1 
0 
1 
62-BltS 


1 
1 
1 
1 
1 
0 
53·Bits 
, 
1 
1 
, 
1 
1 
64·Bits 


MC14557B 


1-TO-64 BIT 


VARIABLE 
LENGTH 


SHIFT 
REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;:e::;:t::Ck.ge 


L. P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 


Temperature 
Range 


3 
R 
• 
C 
5 
cr 
6 
B 
Q 
10 


7 
A 
9 
Ale 
Select 


2 
L1 


1 
L2 


15 
L' 
0 
11 


" 
La 


13 
L16 


12 
L32 


VDD 
= Pin 16 


VSS = Pin 8 


TRUTH TABLE 


Inputs 
Output 


R 
AlB 
Clock 
CE 
Q 


a 
a -' 
a 
B 


a 
1 -' 
a 
A 


a 
a 
1 "-- 


B 


a 
, 
1 '- 
A 


1 
X 
X 
X 
0 


Q is the output 
of the first selected 


shift 
register stage. 


X = Don't 
Care. 


Voo 
Tlow . 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V,n 
VOO 
or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage#' 
"0" Level 
V,L 
Vdc 


(VO = 4.50'0.5 
Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
IAL 
Device) 
IOH 
mAde 


IVOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH' 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL • 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
225 
- 
0.9 
- 
(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUe? 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
I,n 
15 
- 
± 0 1 
- 
'000001 
,0.1 
- 
'10 
pAdc 


Input 
Current 
(CUep 
Device) 
lin 
15 
- 
± 0.3 
- 
±O.ooool 
, 0.3 
- 
11.0 
}JAde 


Input 
Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
== 0) 


QUiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 


15 
- 
20 
- 
0.030 
20 
- 
600 


QUiescent 
Current 
(CUep Device) 
'DO 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
,uAdc 


(Per 
Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 


15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply 
Current·· 
t 
IT 
5.0 
'T = (1.75 ~A/kHzI 
f + 
100 
,uAde 


(DynamIc 
plus Ouiescent, 
10 
IT = (3.5~A/kHzl 
f+ 
100 


Per Package) 
15 
'T 
= (5.25 ~A/kHzl 
f + 100 


ICL 
'" 50 
pF 
on all outputs, 
all 


buffers 
sWitching) 


Minimum 
No. 
of 
Typical 
Setup 
Time 
Length 
Select 


Bits 
Selected 
8-+CE 
ns 
Lines'" 
1 


1 
180 
None 


2 
120 
L 1 


3 
90 
L2 
5 
60 
L4 


9 
30 
L8 


17 
0 
L 16 


33 
-30 
L32 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 


static 
voltages 
or 
electric 
fields; 
however, 


it 
is advised 
that 
normal 
precautions 
be 


taken 
to 
avoid 
application 
of any voltage 


higher 
than 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin and 


Vout 
be constrained 
to 
the 
range VSS 
~ 


(Vin 
or Vout) 
~ VOO' 


Unused 
inputs 
must 
always 
be tied 
to an 
appropriate 
logic voltage 
level 
(e.g., either 


VSS or VOO)· 


·Tlow 
= -55°C 
for 
AL 
DeVice, 
-40°C 
for 
CUCP 
Device. 


Thigh 
= t1250C 
for 
AL 
Device, 
+850C 
for 
CUCP 
Device. 


z;Noise 
Immunity 
spel:ified 
for 
worst-case 
input 
combination. 


NOise 
Margin 
for 
both" 
1" 
and 
"0" 
level 
= 1.0 
Vdc 
min 
@ VDD 
= 5.0 
Vdc 


2.0 
Vdc 
min@ 
VDD 
= 10 Vdc 


2.5 
Vdc 
min@ 
VOO 
= 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 
pF: 


ITICLI 
= 'T(50 pFI + 1 x 10-3 (CL -501 VOOf 


where: 
IT 
is in JJA (per 
package), 
CL 
in pF, 
VDD 
in Vdc, 
and 
f in kHz 
is input 
frequency. 


• ·The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 25°C. 


The 
nature 
of 
the 
length 
select 
logic 
causes 
the 
setup 
time 
to 


vary 
with 
the 
number 
of 
bits 
selected. 
The 
following 
table 


summa(lzes 
the 
typical 
variation 
at 
VOO 
= 10 V, 
T A = 250C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
'PLH 
ns 


ITLH" 
(3.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH" 
(1.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 


tTLH" 
(1.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
'PHL 
ns 
'THL" 
11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


ITHL" 
10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


ITHL" 
10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tpLH, 
ns 
(C or CE to Q or Q) 
'PHL 


tPLH, tPHL" 
(1.7 ns/pFI CL + 415 ns 
5.0 
- 
500 
1000 
'PLH, 'PHL" 
10.66 ns/pFI CL + 167 ns 
10 
- 
200 
400 


'pLH, 
tpHL" 
CO.5ns/pFI CL + 125 ns 
15 
- 
. 150 
300 


(R to Q or Q) 
.. 
.. 
- ------ 
.. -- 
ns 
'PLH, tpHL" 
11.7 ns/p!') CL + 390 ns 
5.0 
- 
475 
550 


'pLH, 
IPHL" 
10.66 ns/pFI CL + 157 ns 
10 
- 
190 
380 


'pLH, 
IpHL" 
(0.5 ns/pFI CL + 115 ns 
15 
- 
140 
280 


Clock Pulse Width 
'WHICI 
5.0 
440 
220 
- 
ns 


10 
136 
68 
- 


15 
100 
50 
- 


Reset Pulse Width 
tWH(RI 
5.0 
600 
300 
- 
ns 


10 
180 
90 
- 


15 
120 
60 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
2.5 
1.7 
MHz 


10 
- 
8.0 
5.0 
15 
- 
10.5 
6.7 


Clock Pulse Rise and Fall Time 
'TLH, 
5.0 
- 


tTHL 
10 
No Limit 


15 


Data to Clock Setup Time (A or B to C or CEI 
'su 
5.0 
900 
450 
- 
ns 


Ll, 
L2, L4, L8, L16, L32" 
0 
10 
360 
180 
- 


15 
170 
135 
- 


Data to Clock Hold Time (A or B to C or CEI 
'h 
5.0 
-225 
-450 
- 
ns 
Ll, 
L2, L4, L8, L16, L32" 
0 
10 
- 90 
-180 
- 


15 
- 
60 
-135 
- 


Reset Fall Time 
'TLH 
5.0 
- 
- 
15 
)'S 


10 
- 
- 
5 


15 
- 
- 
4 
• 


l-bit 
length: 


CE" 0 


A/S"" 
1 


L 1 "" L2 "" L4'" 
La", 
L 16'" 
L32 
"" 0 


@ MOTOROLA 


The MC145588 decodes 4-bit binary coded decimal data depen- 
dent on the state of auxiliary inputs, Enable and RBI, and provides an 


active 
high 
seven-segment 
output 
for 
a display 
driver. 


An auxiliary 
input truth table is shown, in addition to the BCD 


to seven-segment 
truth 
table, 
to indicate 
the 
functions 
available 
with 


the two 
auxiliary 
inputs. 
leading Zero blanking is easily obtained with an external flip-flop 


in 
time 
division 
multiplexed 
systems 
displaying 
most 
significant 
decade first. 


• 
Quiescent Current = 5_0nA/package typical @ 5 Vdc 
• 
Supply Voltage Range= 3_0Vdc to 18 Vdc 
• 
Segment Blanking for All Illegal Input Combinations 


• 
Lamp 
Test 
Function 
• 
Capability for Suppression of Non-Significant Zeros 


• 
Lamp 
Intensity 
Function 


• 
Capable of Driving Two low-power 
TTl 
loads, One low-power 
Schottky TTl 
load or Two HTl 
loads Over the Rated Temper- 


ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
VOltage 
VDD 
-05to+18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 
to VOO 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pm 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55to+125 
°c 
CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
T stg 
-65 
to +150 
°c 


BCD 
Enable 
RBI 
Input 
RBO 
Pin 3 
Pin 5 
Code 
Pin 4 
F unction 
Performed 


0 
o • 
x 
0 
Lamp Test 


0 
1 
X 
1 
Blank 
Segments 


1 
1 
0 
1 
Display 
Zero 


1 
0 
0 
0 
Blank 
Segments 


1 
X 
'-9 
1 
1-9 Displaved 


X 
2 
Don't 
Care 


RBI'" 
Ripple 
Blanking 
Input 
RBO = Ripple 
Blanking 
Output 


MC145588 


BCD-TO-SEVEN 


SEGMENT 
DECODER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


"c,om 11SUffiX 
Denote$ 


L 
Ceramic 
Package 


P 
Plastic Package 


A 
Extended 
Operating 
Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


A 
-------<> 13 


B 
12 
f/Z/b 


C 
11 
'C/' 
D 
10 


En 


15 
VOO 
- Pin 
16 


RBI 
I. 
VSS""Pln8 


Voo 
Tlow . 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
TVp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
V,n 
VOO 
or 
0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or 
VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltagefl 
"0" 
Level 
VIL 
Vdc 
1VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" level 
VIH 


(VO ~ 0.5 0,4.5 
Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
1VO - 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO 
1.Sor 
13.5Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


(VOH 
2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
~1.7 
- 
-0.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH = 9.5 Vdc) 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
feLlep 
Device) 
IOH 
mAde 


1VOH - 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH 
4.6 Vdcl 
5.0 
-0.2 
- 
-016 
-0.36 
- 
-0.12 
- 


1VOH • 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
±0.1 
±000001 
.to.l 
- 
,~ 10 
pAde 


Input 
Current 
ICL/CP 
Device) 
lin 
15 
±03 
±O.OOOOl 
±0.3 
- 
±1.0 
IJAdc 


Input 
Capacitance 
C,n 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
01 


Quiescent 
Current 
(AL 
DeVIce) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
10 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
feLlep 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


TOlal 
Supply 
Current" 
t 
IT 
5.0 
IT = (1.2 !'A/kHz) 
f + 100 
/-lAde 


(DynamIC 
plus QUlescenl, 
10 
IT = 12.4!'A/kHz) 
f + loa 


Per Packagel 
15 
IT = 13.6!'A/kHz) 
f + laa 


ICL 
50 
pF 
on 
all outputs. 
all 


buffers 
sWllchlng) 


4Tlow 
-55°C 
for 
AL 
DeVice. 
-40°C 
for CLlCP 
Device. 


Thigh 
t'250C 
for Al 
Device. 
+8SoC 
for CLlCP 
Oevice . 


.::::Noise Immunity 
sP~t:lfied for worst-case 
input 
combInation. 


NOIse 
Margin 
for 
both 
.. , .. and 
"0" 
level 
- 
'.0 
Vdc 
min@ 
VDO 
""5.0 
Vdc 


2.0 
Vdc 
min@ 
VDO 
- 
10 Vdc 


2.5 
Vdc 
min@ 
VOO 
'" 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 
pF: 


ITICL) 
ITI50 pF) + 4 x 10-3 ICL -50) Vaaf 


where: 
IT 
IS 10 I-JA (per 
package), 
CL 
In pF, 
VOO 
in Vdc. 
and 
f in kHz 
is input 
frequency. 


44The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 25°C. 


This 
device 
contains 
circuitry 
to 
protect 
the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields; 
however, 
it is ad- 


vised 
that 
normal 
precautions 
be 
taken 
to 
avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high 
im- 


pedance 
circuit. 
For 
proper 
operation 
it 
is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range 
VSS 
:lit,; 
(Vin 
or 
Vout) 


" Vaa· 


Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS 
or VOOL 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 
tTLH = 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 
tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


'THL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH 
ns 
tPLH = 11.7 ns/pFI CL + 495 ns 
5.0 
- 
580 
1160 


tPLH = 10.66 ns/pFI CL + 187 ns 
10 
- 
220 
440 


tpLH = 10.5 ns/pFI CL + 120 ns 
15 
- 
145 
230 


Propagation 
Delay Time 
tPHL 
ns 
tpHL = 11.7ns/pFI 
CL +695ns 
5.0 
- 
780 
1560 


tPHL = 10.66 ns/pF) CL + 242 ns 
10 
- 
275 
550 


tpHL = 10.5 ns/pFI CL + 160 ns 
15 
- 
185 
370 


INPUTS 
OUTPUTS' 


En 
RBI 
0 
C 
B 
A 
a 
b 
, 
d 
e 
f 
9 
RBO 


Pm 3 
Pm 5 
PIn 6 
Pin 2 
Pin 1 
Pm 7 
Pin 13 
Pin 12 
Pm 11 
Pin 10 
Pin 9 
Pin 15 
Pm 14 
Pin 
4 
DISPLAY 


1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
1 
II 
U 


1 
X 
0 
0 
0 
1 
0 
0 
0 
0 
1 
1 
0 
1 
I 
I 


1 
X 
0 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
C' 


1 
X 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
:::, 


1 
X 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
1 
1 
'-/ 


1 
X 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
1 
,--, 


1 
X 
0 
1 
1 
0 
0 
0 
1 
1 
1 
1 
1 
1 
b 


1 
X 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
-, 
I 


1 
X 
1 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
,-, 
Ct 


1 
X 
1 
0 
0 
1 
1 
1 
1 
0 
0 
1 
1 
1 
'=1 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Blank 


0 
0 
X 
X 
X 
X 
1 
1 
1 
1 
1 
1 
1 
0 
8 


0 
1 
X 
X 
X 
X 
0 
0 
0 
0 
0 
0 
0 
1 
Blank 


® MOTOROLA 


The MC14549B and MC14559B successiveapproximation 
regis- 
ters are 8-bit registers providing all the digital control and storage 
necessary for successiveapproximation 
analog-to-digital conversion 
systems. These parts differ 
in only one control 
input. The Master 
Reset (MR) on the MC14549B is required in the cascaded mode 
when greater than 8 bits are desired. The Feed Forward (FF) of the 
MC14559B is used for register shortening where End-of-Conversion 
(EOC) is required after lessthan eight cycles. 


Applications for the Ml?14549B and MC14559B include analog- 


to-digital conversion, with serial and parallel outputs. 


• 
Totally Synchronous Operation 


• 
All Outputs Buffered 


• 
Single Supply Operation 


• 
Serial Output 


• 
Retriggerable 


• 
Compatible with a Variety of Digital and Analog Systems such as 
the MC1408 8-Bit D/A Converter 


• 
All Control Inputs Positive·EdgeTriggered 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-05to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


SC 
SClt_lI 
MR 
MRlt_lI 
Clock 
ActIon 


X 
X 
X 
X 
-...- 
None 


X 
X 
, 
X 
---r- 
Reset 


, 
0 
0 
0 
---r- 
Start 
Conversion 
, 
X 
0 
, 
---r- 
Start 
Conversion 
, 
, 
0 
0 
-r 
Continue 
Conversion 


0 
X 
0 
X 
--r- 
Continue 
Previous 
Operation 


SC 
SClt_lI 
EOC 
Clock 
Action 


X 
X 
X '- 
None 


1 
0 
0 
--r- 
Start 
Conversion 


X 
1 
0 
...r 
Continue 
Conversion 
0 
0 
0 
...r 
Continue 
Conversion 
0 
X 
1 
...r- 
Retain 
Conversion 
Result 
, 
X 
, 
...r- 
Start 
Convenion 


MC145598 


FOR COMPLETE DATA 


SEE MC14549B 


SUCCESSIVE 
APPROXIMATION 


REGISTERS 


~6t1111f18 
JI'~iiIl Vij U ,.'f\Yiml~~ij 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB 
~SU~f;Xce::;:t::Ckage 


L. P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 


07 
06 


C 
05 


04 
SC 
03 
02 
'0 
FF or 
MR" 
0' 
00 
6 
D 
EGC 


Sout 


This 
device 
contains 
circuitry 
to 
protect 


the inputs against 
damage 
due 
to high 
static 


voltages 
or 
electric 
fields; 
however, 
it 
is 


advised 
that 
normal 
precautions 
be 
taken 


to 
avoid 
application 
of 
any 
voltage 
higher 


than 
maximum 
rated 
voltages 
to 
this 
high 


impedance 
circuit. 
For 
proper 
ooeration 
it 


is 
recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range 
VSS 
~ 
(Vin 
or 


Vout) 
~VOD' 


Unused 
inputs 
must 
always 
be tied 
to 
an 


appropriate 
logic 
voltage 
level 
le.g .. either 
VSS or VDDJ. 


® MOTOROLA 


The MC14560B adds two 4-bit numbers in NBCD (natural binary 
coded decimal) format, resulting in sum and carry outputs in NBCD 
code. 


This device can also subtract when one set of inputs is comple- 
mented with a g's Complementer (MC14561BI. 
All 
inputs and outputs are active high. The carry input for the 


least significant digit is connected to VSS for no carry in. 


• 
Ouiescent Current = 5.0 nA/package typical @ 5 Vdc 


• 
Noise Immunity = 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Single Supply Operation - 
Positive or Negative 


• 
Fanout> 
50 


• 
Input Impedance = 1012 ohms typical 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Svmbol 
Value 
Unit 


DC 
Supply 
VOltage 
VDD 
-0510+18 
Vdc 


Input 
Volldge. 
All 
Inputs 
Von 
-0.5 
to VOO + 0.5 
Vdc 


DC Current 
Drain 
per Pin 
I 
10 
mAde 


Operdllng Temperature 
Range - 
AL 
DeVIce 
TA 
-55 
to +125 
0C 


CLlCP 
DeVice 
-40 to +85 


SlOfayc 
Temperature 
Range 
T st9 
-65 
to 
+ 150 
°c 


INPUT 
OUTPUT 


A4 
A3 
A2 
Al 
84 
83 
82 
81 
C,n 
Cout 
54 
53 
52 
51 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 


0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
1 
1 


0 
1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
0 
0 
0 


0 
1 
1 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 


0 
1 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 
0 


1 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
1 


0 
1 
1 
0 
1 
0 
0 
0 
0 
1 
0 
I ~ 


0 
0 


1 
0 
0 
1 
1 
0 
0 
1 
1 
1 
1 
0 
1 


This device contains circuitry 
to protect 
the inputs against damage due to high 


static voltages or electric fields; however, 
it is advised that normal precautions be 


taken to avoid application 
of any volt8ge higher than maximum 
rated voltages to 


this high impedance circuit. 
For proper operation 
it is recommended that Vin and 


Vout be constrained to the range VSS';;; (Vin or Vout)';;; 
VOD. 


Unused 
inputs 
must 
always be tied to an appropriate 
logic voltage 
level (e.g., 
either VSS or VOOI. 


MC14560B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXX8 ~SU~fiXce::i:t::Ck.ge 


t= P 
Plastic Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


Voo 
T10w . 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V,n 
o or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 
(VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO" 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(VO - 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO - 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO" 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Dnve 
Current 
(AL 
Device) 
IOH 
mAde 
1VOH - 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH " 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH 013.5 
Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 0 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL 0 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 01.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUe? 
Device) 
IOH 
mAde 
(VOH 02.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH 04.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH 0 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH 0 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 0 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


1VOL 0 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL 0 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
'0.1 
'0.00001 
±O.l 
- 
'10 
#JAde 


Input 
Current 
(CL/ep 
DeVice) 
lin 
15 
- 
, 0.3 
- 
'0.00001 
, 0.3 
- 
± 1.0 
IJAdc 


Input 
Capacitance 
Cin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V in 
== OJ 


QUiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IJAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.Q15 
20 
- 
600 


QUiescent 
Current 
(CUep DeVIce) 
IDO 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
pAdc 


(Per 
Packagel 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 


TOlal 
Supplv 
Current·' 
t 
IT 
5.0 
IT 0 11.68~A/kHz) 
f + IDD 
pAdc 


(Dynamic 
plus Quiescent, 
10 
IT 0 (3.35 ~A/kHz) 
f + I DD 


Per 
Package) 
15 
IT 0 15.03~A/kHz) 
f + IDD 


ICL 
- 50 
pF 
on 
all outputs, 
atl 


buffers 
switching) 


4Tlow 
-55°C 
for 
AL 
Oevlce. 
-40°C 
fr:r CLlCP 
Device. 


Thigh'" 
+1250C 
for 
AL 
Device. 
+8SoC 
for 
CLlCP 
Oevlce 
. 


.,:;Noise 
Immunity 
spel.:ified 
for 
worst·case 
input 
combination. 


NOise 
Margin 
for 
both 
"1" 
and 
"0" 
level 
=c 1.0 
Vdc 
min@ 
VOO 
""·5.0 
Vdc 


2.0 
Vdc 
min@ 
VOO 
- 
10 Vdc 


2.5 
Vdc 
min@ 
VDO 
= 
15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 
pF: 


IT(CL) 0 IT(50 pF) + 5 x 10-3 
ICL -501 VDOf 


where: 
IT 
is in JJA (per 
package), 
CL 
in pF. 
VDO 
in Vdc, 
and 
f in kHz 
is input 
frequency. 


4 4The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 2Soc. 


Circuit 
diagrams utilizing 
Motorola 
products are included as a means 
of 
illustrating 
typical 
semiconductor 
applications. 
consequently. 
complete 
information 
sufficient 
for 
construction 
purposes IS not 
necessarily given. 
The information 
has been carefully 
checked and 


IS believed 
to 
be entirely 
reliable. 
However, 
no responSibility 
is 


assumed for InaccuraCies. 
Furthermore. 
such information 
does not 
convey to the purchaser of the semiconductor 
deVices deSCribed any 


license under the patent rights of Motorola 
Inc. or others 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
'TLH 
ns 


'TLH 
= 13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 


'TLH 
= 11.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 


'TLH 
= 11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
'THL 
ns 


'THL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pFJ CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH. 
ns 


A or B to S 
tpHL 


'PLH. 
tpHL 
= 11.7 ns/pFI CL + 665 ns 
5.0 
- 
750 
2100 


tPLH. tpHL 
= 10.66 ns/pFI CL + 297 ns 
10 
- 
330 
900 


'PLH. 
'PHL 
= 10.5 ns/pFJ CL + 195 ns 
15 
- 
220 
675 


A or B to Cout 
ns 
'PLH. 
'PHL 
= 11.7 ns/pFJ CL + 565 ns 
5.0 
- 
650 
1800 


'PLH. 
'PHL 
= 10.66 ns/pFI 
C-t.+ 197 ns 
10 
- 
230 
600 


tPLH. tpHL 
= 10.5 ns/pF) CL + 145 ns 
15 
- 
170 
450 


Cin to Cout 
ns 
tPLH. 'PHL 
= 11.7 ns/pFI CL + 465 ns 
5.0 
- 
550 
1500 


tPLH. 'PHL 
= 10.66 ns/pF) CL + 187 ns 
10 
- 
220 
600 


tPLH. 'PHL 
= 10.5 ns/pFI CL + 135 ns 
15 
- 
160 
450 


Turn-Off Delay Time 
tpLH 
ns 
Cin to S 


tPLH 
= 11.7 ns/pFI CL + 715 ns 
5.0 
- 
800 
2250 


'PLH 
= 10.66 ns/pF) CL + 197 ns 
10 
- 
350 
975 


'PLH 
= 10.5 ns/pF I CL + 215 ns 
15 
- 
240 
750 


Turn-On Delay Time 
'PHL 
ns 
Cin to S 
'PHL 
= 11.7 ns/pFI CL + 565 ns 
5.0 
- 
650 
1800 


'PHL 
= 10.66 ns/pFI CL + 197 ns 
10 
- 
230 
600 


'PHL 
= 10.5 ns/pFJ CL + 145 ns 
15 
- 
170 
450 


r--\-VOH 


Any 
Output ---I 
'--- 


VOL 


Duty 
Cycle = 50% 


Atl outputs 
connected 
to respective 
CL loads 


f"" System 
clock 
frequency 


Cin 7 


15 
A1 


One MC14560B and MC14561B permit a 
BCD digit to be added to or subtracted from 
a second digit, such as in this typical con- 
figuration. 
A 
second MC14561B 
permits 
either 
digit 
to be added to or subtracted 
from the other, or either word to appear un- 
modified at the output. 


Additional applications data may be found 
in Application Note AN-738. 


Zero 
Add/Subtract 
Result 


0 
0 
B ptusA 


0 
, 
B minus 
A 


1 
X 
B 


,,{ 


A' 
F' 
MC14560B 
A2 


A3 
F2 
Cin 
51 
)",,, 


A4 
A' 


Camp 
F3 
A2 
52 


Comp 
A3 


Z 
F4 
A4 
53 


B'{ 


B1 


B2 
S4 


B3 


B" 
Caut 


MC145618 
".{ 


A1 
F1 


A2 


A3 
F2 


A" 


Comp 
F3 


Comp 
Tens 


Z 
F" 
.,,{ 


B" 
Cout 


® MOTOROLA 


The 
MC14561B 
g's 
compiementer 
is a companion 
to 
the 
MC14560B NBCD adder to allow BCD subtraction. A BCD number 
(8-4-2-1 code) is applied to the inputs (A 1 = 20, A2 = 21, A3 = 22, 
A4 = 23). If the complement control (Comp) is low, the BCD number 
appears at the outputs unmodified. The complement disable (Compl 
allows the complement control 
to be gated, or an inverted control 


signal to be used. If the complement input is high and the disable 
input low, the g's complement of the number is displayed at the 
outputs. The zero control 
(Z), when high, forces the outputs low 


regardlessof the state of the other inputs. 
When the MC14561B is usedto perform BCD subtraction in con- 


junction with the MC14560B NBCD adder, the complement control 
becomesan add/subtract control. 


• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 
• 
Propagation Delay = 160 ns typical at VDD ~ 10 Vdc 
• 
All Inputs Buffered 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capableof Driving Two Low·power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 
to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
V,n 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Stordge 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


Z 
Camp 
Camp 
Fl 
F2 
F3 
F4 
Mode 


0 
0 
0 


0 
0 
, 
A' 
A2 
A3 
A4 
Straight~through 


0 
, 
, 


0 
, 
0 
A' 
A2 
A2A3 
+ A2A3 
A2A3A4 
Complement 
, 
X 
X 
0 
0 
0 
0 
Zero 


MC145618 


..- 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 646 


MC'4XXXB ~SU~fi:.::i:t::Ck.ge 


L. P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


This device 
contains 
circuitry 
to protect 


the 
inputs against damage due to 
high 
static voltages or electric 
fields; however, 


it is advised that 
normal 
precautions 
be 


taken 
to avoid application 
of any voltage 


higher 
than 
maximum 
rated 
voltages to 


this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that Vin and 


Vout 
be constrained 
to the range VSS " 


(V in or Voutl 
" VOO' 


Unused inputs 
must always be tied to an 


appropriate 
logic voltage leve. (e.g., either 


Vssor 
VOOI. 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
TVp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VaL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
Van 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 
(Va 
4.5 or 0.5 Vdd 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
= 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(Va 
= 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO - 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Devicel 
lin 
15 
- 
± 01 
- 
to.OOOOl 
tO,l 
- 
, 1.0 
/JAde 


Input Current 
(CLlCP 
Device) 
I,n 
15 
- 
'03 
- 
'0.00001 
± 0.3 
- 
'1.0 
/JAde 


Input 
Capacitance 
Cin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
"" 01 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
JJAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
20 
- 
0.015 
20 
- 
600 


QUIescent 
Current 
(CLlCP 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current··t 
IT 
5.0 
IT = (1.5 "A/kHzl 
f + 100 
IJAdc 


(Dynamic 
plus 
QUiescent, 
10 
IT = (3.0 "A/kHz) 
f + 100 


Per 
Package) 
15 
IT = (4.5 "A/kHz) 
f + 100 


(CL 
...,.50 
pF 
on all outputs, 
all 


buffers 
sWltchmg) 


·Tlow:'" 
-55°C 
for 
AL 
Oevlce, 
-40°C 
for CLlCP 
Device. 


ThIgh=' 
+1250C 
for 
AL 
Device, 
+850C 
for CLlCP 
Device 
. 


.:=Noise Immunity 
specified 
for 
worst-case 
input 
combination. 


NOise 
Margin 
for 
both 
"1" and "0" level=' 
1.0 Vdc 
min 
@ VDD 
""5.0 Vdc 


2.0 Vdc 
min 
@ VOD 
~ 10 Vdc 


2.5 
Vdc 
min@ 
VDO 
=. 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 
pF: 


IT(CL) 
= IT(50 pFI +4 x 10-3 (CL -50) 
Vaal 


where: 
IT 
is in j.JA (per 
packagel, 
CL 
in pF, 
VOO 
in Vdc. 
and 
f in kHz 
is input 
frequency, 


• ·The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 25°C. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
'TLH 
ns 


'TLH: 
13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 


tTLH = 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH: 
11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
'THL 
ns 


tTHL 
- 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


'THL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


tTHL = 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH, 
ns 


'pLH, 
tPHL = 11.7 ns/pFI CL + 315 ns 
'PHL 
5.0 
- 
400 
1000 


tPLH, 'pHL = 10.66 ns/pFI CL + 127 ns 
10 
- 
160 
400 


tPLH 
'PHL = 10.5 ns/pF) CL + 95 ns 
15 
- 
120 
300 


Comp 


5 


Comp 


6 


Z 
9 


, 
~ 
~ 
0 


c 
Inputs 
c 
Outputs 
. 
~~ 
~., 
'r~ 
0-w 
A4 
A3 
A2 
A1 
Ow 
F4 
F3 
F2 
F1 


0 
0 
0 
0 
0 
9 
1 
0 
0 
1 


1 
0 
0 
0 
1 
8 
1 
0 
0 
0 


2 
0 
0 
1 
0 
7 
0 
1 
, 
1 


3 
0 
0 
1 
1 
6 
0 
1 
1 
0 


4 
0 
1 
0 
0 
5 
0 
1 
0 
1 


5 
0 
1 
0 
1 
4 
0 
1 
0 
0 
6 
0 
1 
1 
0 
3 
0 
0 
1 
1 


7 
0 
1 
1 
1 
2 
0 
0 
1 
0 
8 
1 
0 
0 
0 
1 
0 
0 
0 
1 


9 
1 
0 
0 
1 
0 
0 
0 
0 
0 


Illegal 
10 
1 
0 
1 
0 
7 
0 
1 
1 
1 
eCD 
11 
1 
0 
1 
1 
6 
0 
1 
1 
0 


Input 
12 
1 
1 
0 
0 
5 
0 
1 
0 
1 


Codes 
13 
1 
1 
0 
1 
4 
0 
1 
0 
0 


14 
1 
1 
1 
0 
3 
0 
0 
1 
1 


15 
1 
1 
1 
1 
2 
0 
0 
1 
0 


One MC14560B andoneMC14561B 
pe.rmit a BCD digit 
to be added to or subtracted from a second digit, such as 
in the typical configurations 
in Figures 2 and 3. A second 
MC14561B permits either digit to be added to or subtract· 
ed from the other, or either word to appear unmodified 
at the output. 


Zero 
Add/Subtract 
Result 


0 
0 
B plusA 


0 
1 
B minus 
A 
, 
X 
B 


MC14561B 


,,{ 


A1 
F1 
MC14560B 
A2 


A3 
F2 
Gin 
51 


) 
Co," 


A4 
A' 


Camp 
F3 
A2 
52 


...r-- 
Camp 
A3 


Z 
F4 
A4 
53 


B'{ 


B' 
B2 
54 


B3 


Cout 


MC14561 
B 
".{ 


A' 
F' 
MC14560B 
A2 


A3 
F2 
Gin 
5' 
A4 
A' 


Camp 
F3 
A2 
52 


Camp 
A3 
Tens 


Z 
F4 
A4 
53 


.oo{ 


B1 


B2 
54 


B3 


B4 
Caut 


Type 
0 


Flip-Flop 


D 
0 


C 


Add/Subtract 
A Register 
MC14561S 


Al 
F 1 
MC14560B 
A2 


100'5 
10's 
1', 
A3 
F2 
Cin 
51 
)e,_, 


A4 
Al 


Comp 
F3 
A2 
52 


Comp 
A3 


Z 
F4 
A4 
53 


Clock 
B1 


B2 
54 
100'5 
10's 
1', 
B3 


B4 
Cout 


S Register 


Circuit 
diagrams 
external 
to 
Motorola 
products 
are 
included 
as a means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 


complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. 
The 
information 
in this 
Application 
Note 
has 
been 
care- 


fully 
checked 
and 
is believed 
to 
be entirely 
reliable. 
However, 
no 
responsibility 
is assumed 
for 
inaccuracies. 
Furthermore, 
such 
information 
does 
not 
convey 
to 
the 
purchaser 
of the 
semiconductor 
devices 
described 
any 
license 
under 
the 
patent 
rights 
of Motorola 
Inc. 
or others. 


@ MOTOROLA 
MC145628 


The MC14562B is a 12B-bit static shift register constructed with 
MOS P-channel and N-channel enhancement mode devicesin a single 
monolithic 
structure. Data is clocked in and out of the shift register 


on the positive edJe of the clock input. Data outputs are available 
every 16 bits, from 16 through bit 128. This complementary MOS 
shift register is primarily 
used where low power dissipation and/or 


high noise immunity is desired. 


• 
Diode Protection on All Inputs 


• 
Noise Immunity 
= 45% of VDD typical 
• 
Single Supply Operation - Positive or Negative 


• 
Fully Static Operation 
• 
Exceedingly Slow Input Transition Rates May Be Applied to the 
Clock Input 


• 
5.6 MHz Operation @ VDD = 10 Vdc 


• 
Cascadableto Provide Longer Shift Register Lengths - 
1.5 MHz 
Operation @ VDD = 10 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to 1BVdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


128-BIT STATIC SHIFT 


REGISTER. 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5to+18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature Range - 
AL Device 
TA 
-55 
to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 '0 +150 
°c 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC14XXXB ~SU~f;Xce,::;:t::Ck.ge 


C P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


0'6 
10 
032 
'3 
048 
064 
080 
8 
096 
2 


0112 
6 


0128 
3 


VOO = Pin 14 


VSS = Pin 7 


Voo 
T10w . 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO 
or 
0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
V,L 
Vdc 


(Va 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
9.0 
Or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va 
13.50r 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
IVO = 0.5 0' 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO 
= 1.00' 
9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.50' 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
IOH 
mAde 


(VOH 
2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


IVOH 
= 9.5 Vdc! 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


IVOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


IVOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc! 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CUG? 
Device) 
IOH 
mAde 


IVOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


IVOH = 13.5 Vdc! 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


IVOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
tAL Device) 
lin 
15 
- 
±0.1 
±OOOOOI 
±O.l 
- 
± 1.0 
,uAdc 


Input 
Current 
(CUCP 
Devicel 
lin 
15 
- 
± 0.3 
- 
±OCaODl 
! 0.3 
- 
± 1.0 
jJAdc 


Input Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
pF 


(Vin 
01 


QUiescent 
Current 
IAL 
DeVice) 
100 
5.0 
- 
5.0 
- 
0010 
5.0 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 


15 
- 
20 
- 
0.030 
20 
- 
600 


QUiescent 
Current 
(CUC? 
DeVice) 
'Da 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
jJAdc 


(Per 
Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 


15 
- 
200 
- 
0.030 
200 
- 
1500 


Total 
Supply 
Current- 
°t 
IT 
5.0 
IT 
(1.94"A/kHz) 
f + 100 
/-lAde 


(DynamiC 
plus 
Quiescent, 
10 
'T - 13.81 "A/kHz! 
I + 100 


Per Package) 
15 
IT = 15.52 "A/kHz! 
f + 100 
(CL '::"50 pF on all outputs. all 
buffers sWitching) 


-Tlow'" 
-55°C 
for AL DeVice. -400C for CLlCP 
Device. 


Thigh'" 
i-'250C 
for AL Device. +850C for CLlCP 
Device. 


.l+Noiseimmunity 
spec.;ifiedfor worst-case input combination. 


NOise Margin for both "'" 
and "0" level = '.0 Vdc min @ VOD 
'" 5.0 Vdc 
2.0 Vdc min@ VDO 
""0 
Vdc 


2.5 Vdc min @ VOO 
::: 15 Vdc 
tTo calculate total supply current at loads other than 50 pF: 


ITleL) 
= ITI50 pF) + 4 x 10-3 
tCL -501 
VOO' 


where: IT is in IJ,A(per package). CL in pF. VDa 
in Vdc. and f in kHz is input frequency. 
--The 
formulas given are for the typical characteristics only at 25°C. 


This device contains circuitry 
to protect 
the inputs against damage due to high static voltages or electric fields; however. it is ad- 


vised that normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended that Vin and Vout 
be constrained to the range VSS <; (Vin or Vout) 


'" VOO- 
Unused inputs must always be tied to an appropriate 
logic voltage level (e.g.• either VSS or Vaal. 


I 
Characteristic 
Symbol 
VDD 
Min 
Typ 
Max 
Unit 


I Output Rise Time 
'TLH 
ns 


'TLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= (1.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


tTLH 
= 11.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
'THL 
ns 


'THL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
'PLH, 
ns 
Clock to Q 
tpHL 
tpLH, 
'PHL 
= 11.7 ns/pFI CL + 515 ns 
5.0 
- 
600 
1200 
tPLH, 'PHL 
= 10.66 ns/pFI CL + 217 ns 
10 
- 
250 
500 
tPLH. 'PHL 
= 10.5 ns/pFI CL + 145 ns 
15 
- 
170 
340 


Clock 
Pulse 
Width 
'WH 
5.0 
600 
300 
- 
ns 
150% Duty Cycle I 
10 
220 
110 
- 


15 
150 
75 
- 


Clock 
Pulse 
Frequency 
Ici 
5.0 
- 
1.9 
1.1 
MHz 


10 
- 
5.6 
3.0 
15 
- 
8.0 
4.0 


Data to Clock 
Setup 
Time 
tsu(1 
) 
5.0 
-20 
-170 
- 
ns 


10 
-10 
-64 
- 


15 
a 
-60 
- 


tsu(Q) 
5.0 
-20 
-91 
- 
ns 


10 
-10 
-58 
- 


15 
a 
-48 
- 


Data to Clock Hold Time 
'hili 
5.0 
350 
263 
- 
ns 


10 
165 
109 
- 


15 
155 
100 
- 


'hlOI 
5.0 
350 
267 
- 
ns 


10 
200 
140 
- 


15 
140 
93 
- 


016 


032 


048 


064 


080 


096 


Q112 


0128 


Data 


(f 
<:: ~fo) 
/ 


Vss 


\ 
jVDD 


~.-----~ 
.. --- 
VSS 


Pin 
No's 
r-- Pulse 1-4 
~Pulse 
16-1 
~Puise 
32~ 
Pulse 
'28~ 


CIOCk5~_~_~_~ 


® MOTOROLA 


The MC14566B industrial time basegenerator is constructed with 


MOS P·channel and N·channel enhancement mode devices in a single 
monolithic 
structure. This device consists of a divide·by·10 ripple 
counter 
and a divide·by·5 or divide·by·,) ripple counter to permit 


stable time generation from a 50 or 60 Hz line. By cascading this 


device 
as divide-by-60 
counters, 
seconds 
and 
minutes 
can 
be counted 


and 
are 
available 
in BCD 
format 
at the 
circuit 
outputs. 
An 
internal 
monostable multivibrator 
is included whose output can be used asa 
reset or clock pulse providing additional frequency flexibility. 
Also a 


pin has been included to allow divide·by·5 counting for generating 
1.0 Hz from European 50 Hz line. 


• 
Negative EdgeTriggered Counters for Easeof Cascading 
• 
PulseShaperson Counter Inputs Accept Slow Input RiseTimes 


• 
Monostable Multivibrator 
Positive or Negative EdgeTriggered 
• 
Noise Immunity 
= 45% of VDD typical 
• 
Diode Protection on All Inputs 


• 
Quiescent Current = 5.0 nA/package typical @ 5 Vdc 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 
to +150 
°c 


aOA 
C 
Q1A---O 
Q2A---O 


a3A 
A 


~ BCD 
lout 


MC14566B 


INDUSTRIAL 


TIME 
BASE GENERATOR 


~r.tIIlI8 
JI,~tnrVij ~ 16rmYl~~~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Me"'"" r,",,,. 
0••••. 
L l 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


aOA 
a'A 


a2A 


a3A 


-;-5/6 
Control 
aOB 
a,S 
a2s 


A 
am 


Voo 
Tlow . 
25°C 
Thi h" 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ 
Ma. 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
Vao 
or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VoltageF 
"0" Level 
VIL 
Vdc 


1VO - 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO "9.0 
or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1VO" 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


1VO" 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


1VO" 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO" 
1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


1VOH" 
2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH " 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH " 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH" 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL " 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL" 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL" 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUe? 
Device) 
IOH 
mAde 


1VOH " 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH " 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


1VOH "9.5 
Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH" 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL ~ 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL" 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL" 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
fAL 
Device) 
lin 
15 
- 
± 0.1 
- 
'0.00001 
:to.1 
- 
:!: 1.0 
.uAde 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
± 0.3 
- 
!0.00001 
, 0.3 
- 
± 1.0 
1J.Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
01 


Quiescent 
Current 
(AL 
Device) 
too 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,£JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CUe? 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J.lAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current--t 
IT 
5.0 
IT" 
11.0 "A/kHz) 
f + 100 
J.lAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT ~ (2.0 "A/kHz) 
,+ 
100 


Per 
Package) 
15 
IT ~ (3.0 "A/kHz) 
f + 100 


(CL 
.,..,50 pF 
on 
all outputs, 
all 


buffers 
switching) 


-Tlow"" 
-55°C 
for AL Device, -400C 
for CLlCP 
Device. 
Thigh"" +1250C 
for AL Device, +850C 
for CLlCP 
Device. 


.:.Noise immunity 
sp~dfied 
for worst-case input combination. 


Noise Margin for both "1" and "0" level'" 1.0 Vdc min @ VDO 
'" 5.0 Vdc 
2.0 Vdc min @ VOO 
""10 Vdc 
2.5 Vdc min@ VOO 
'"'15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


ITICLI " ITI50 pFI + 1 x 10-3 (CL -50) VOO' 


where: IT is in f.JA(per packagel, CL in pF, VOO in Vdc, and f in kHz is input frequency. 
- -The formulas given are for the typical characteristics only at 25°C. 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to 
high 


static 
voltages or electric 
fields; however, 


it 
is advised 
that 
normal 
precautions 
be 


taken 
to avoid 
application 
of any voltage 


higher 
than 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For 
proper 
operation 
it is recommended 
that Vin and 
Vout 
be constrained 
to 
the 
range VSS 
liO: 


(Vin or VoutlliO: Vao· 


Unused 
inputs 
must always 
be tied to an 


appropriate 
logic voltage 
level (e.g., either 


VSS 
or VOOI. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
MIx 
Unit 


Output 
Rise Time 
'TLH 
ns 


'TLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 
'TLH 
= (1.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


'TLH 
= (1.1 ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
'THL 
ns 
'THL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


'THL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
'TH L = 10.55 ns/pF I CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time, Clock to Q3A 
lPLH. 
ns 


lPLH. 
'PHL = (1.7 ns/pFI CL + 1365 ns 
'pHL 
5.0 
- 
1450 
4500 


lPLH. 
'pHL 
= 10.66 ns/pFI CL + 497 ns 
10 
- 
530 
1500 


lpLH. 
'pHL = (0.5 ns/pFI CL + 295 ns 
15 
- 
320 
1000 


Propagation 
Delay Time. Reset to Q3A 
'PHL 
ns 
tPHL = 11.7 ns/pFI CL + 845 ns 
5.0 
- 
930 
3000 


'pH L = (0.66 ns/pF I CL + 282 ns 
10 
- 
315 
1000 


tPHL = 10.5 ns/pFI CL + 185 ns 
15 
- 
210 
750 


Clock Pulse Width 
'WH(cl) 
ns 


5.0 
1200 
400 
- 
10 
400 
125 
- 
15 
270 
90 
- 


Reset PuIse Width 
'WH(RI 
ns 


5.0 
1200 
400 
- 
10 
400 
125 
- 


15 
270 
90 
- 


Clock Pulse Frequency 
'cl 
MHz 


5.0 
- 
1.0 
0.3 
10 
- 
2.5 
1.0 


15 
- 
4.2 
1.5 


Clock Pulse Rise and Fall Time 
lTLH. 
- 


'THL 
5.0 
10 
No limit 
15 


Monostable 
Multivibrator 
Pulse Width 
'WHIQm) 
ns 


5.0 
1200 
2800 
- 


10 
400 
900 
- 
15 
300 
600 
- 


OOA 


O'A 
02A 


03A 


-;-5/6 
Co ntro I ooB 
O'a 
02a 


Om 


Note: 
Assume";' 
10 Counter 
at 


"6" and";' 5/6 
Counter 
at 


"2" at beginning of 


sequence. 


Voo 


CA 
OOA 


Cs 
OlA 


02A 


Reset 
03A 


";'5/6 
OOS 


Control 
OlS 


S 
02S 


A 
Om 


VSS 


01 wa 


02 ~~ 
_ 


03~ 


01~ 


02~ 


> 1500 pF or 


1--------- 
I 
-;-5/6 
-;-'0 
I 
00 
00 


---------, 
EG 


1 
A 
I 


Tenth 
Q 
I 


} Second, 
8 
m 
I 


I 


....J 


c 
0' 
02 


I 
02 
03 
L 
_ 


I 
-;-'0 
I 
00 
I 
c 
0' 


I 
02 
I 
03 
02 
L 
~n~e~ 
_ 


- - - ---, 


I 
I 


----, 


I 
I 


I 
I 
I 
_____ 
-.1 


~ 5/6 
Control 
not 
shown 
= VSS 


Reset 
pins 
nOt 
shown::: 
VSS 


'Care 
must be taken in the Indicated 
circuit 
to filter 
line 
transients which may cause "false" 
counting. 


Circuit 
diagrams utilizing 
Motorola 
products are included asa means 
of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 
complete 
information 
sufficient 
for 
construction 
purposes IS not 
necessarily given. 
The Information 
has been carefully 
checked and 


1$ 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility 
IS 


assumed 
for 
Inaccuracies. 
Furthermore. 
such 
infOrmation 
does 
not 
convey 
to 
the 
purchaser 
of 
the 
semIconductor 
deVices 
deSCribed 
any 


license 
under 
the 
patent 
fights 
of 
Motofola 
Inc. 
or 
others 


@ MOTOROLA 


PHASE COMPARATOR 
AND 
PROGRAMMABLE 
COUNTERS 


The MC14568B consists of a phasecomparator, a divide-by-4, 16, 


64 or 
100 counter and a programmable divide-by-N 4-bit binary 
counter (all positive-edgetriggered) constructed with MOS P-channel 
and N-channel enhancement mode devices (complementary MOS) in 


a single 
monolithic 
structure, 
The MC14568B has been designed for use in conjunction with a 
programmable divide-by-N counter for frequency synthesizers and 
phase-locked loop applications requiring low power dissipation and! 


or high 
noise 
immunity. 


This device can be used with 
both counters cascaded and the 
output 
of the second counter connected to the phase comparator 
(CTL highl, or used separateof the programmable divide-by-N coun- 
ter, for example cascadedwith MC14569B (CTL lowl, MC14522B or 
MC14526B. 


• 
Quiescent Current = 5.0 nA typ!pkg 
@ 5 Vdc 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL Load or Two HTL Loads Over the Rated Tempera- 
ture Range. 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V,n 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Dratn 
per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 


CL/CP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


BLOCK 
DIAGRAM 


r----------, 
I 
I 
13 PCout 


12 
PCPOll1 


MC145688 


PHASE COMPARATOR 
AND PROGRAMMABLE 


COUNTERS 


_IllL 
- 
---_ 
16U 
16 


, 
1 


l 
SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXXB ~SU~f;Xce::;:t::Ckage 


L. P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


F 
G 
Division Ratio 


Pin 10 
Pin 11 
of Couoter 01 


0 
0 
4 


0 
1 
16 


1 
0 
64 


1 
1 
100 


pc,~pcout 
p.C. 


PCPout 


Cl 


01 


"O"~ ....,-----~ 
-O,IC2 


Voo 
Tlow . 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage#t 
"0" 
Level 
VIL 
Vdc 


1VO - 4.50< 
0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO - 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO = 13.50' 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


.. ,,, Level 
VIH 


(Va'" 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


1Vo 
= 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1Vo = 1.50< 
13.5Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(AL Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


{VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


{VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


1VOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Device) 
I,n 
15 
- 
± 0.1 
- 
'000001 
'0.1 
- 
:!: 1.0 
/-JAde 


Input Current 
(CLlCP 
Device) 
lin 
15 
- 
± 0.3 
- 
to.OOOOl 
, 0.3 
- 
± 1.0 
IJAde 


Input Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
= 0) 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent Current 
(CLlCP 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
jJAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current--t 
IT 
5.0 
IT = 10.2 "A/kHz) 
f + 100 
J..lAdc 


(Dynamic 
plus Quiescent, 
10 
IT = (0.4 "A/kHz) 
f + 100 


Per Package) 
15 
IT = (0.9 "A/kHz) 
f + 100 
ICL ': 50 pF on all outputs, all 
buffers switching) 


Three·State 
Leakage Current, Pins 1, 13 
'TL 
15 
- 
'0.1 
- 
'0.00001 
±O.l 
- 
'3.0 
j.lAdc 


tAL 
Device) 


Three-State 
Leakage Current, Pins 1, 13 
ITL 
15 
- 
, 1.0 
- 
'0.00001 
± 1.0 
- 
-7.5 
.uAdc 


(CL/CP Devices) 


-Tlow 
= -5SoC 
for AL Device, -400C 
for CLlCP 
Device. 


Thigh 
= +12SoC 
for AL Device, +8SoC for CLlCP 
Device. 


s=NoiseImmunity 
spee.::ifiedfor worst-case input combination. 


NOise Margin for both "1" and "0" 
level = 1.0 Vdc min@ 
VDD 
= 5.0 Vdc 


2.0Vdcmin@VOD 
'= 10Vdc 
2.5 Vdc min@ 
VDO 
'= 15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


'TICL) 
= 'T{50 pF) + 1 x 10-3 {CL -501 VOOf 
where: 
IT is in j.lA (per package). CL in pF, VOO 
in Vdc, and f in kHz is input frequency. 


--The 
formulas given are for the typical characteristics only at 2SoC. 


'Pin 
15 is connected to Vss or VOO for input voltage test. 


This 
device 
contains 
cirCUitry 
to protect 


the 
inputs 
against 
damage 
due 
to 
high 


static voltages or electric 
fields; however. 


it 
is advised 
that 
normal 
precautions 
be 


taken 
to avoid 
application 
of any voltage 


higher 
than 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that V In and 


Vout 
be constrained 
to the 
range VSS 
. 


(V in or Voutl 
!C;VOO' 


Unused 
inputs 
must 
always 
be tied to an 


appropriate 
logiC voltage 
level {e.g., either 


VSS or VOOl. 


NOTE: 


1. 
10 kHz 
Channel 
Spacing 


2. 
Expandable 
to 
165 Channel, 


(Expanded 
frequency 
range 


shown 
In parentheses) 


To Tranlm Itter 


26.965-27.255 
(28.6051 MH. 


Typical 
Maximum 
Frequency 
Divider 
D 1 
Division 
ratios: 
4,64 
or 100 
(CL = 50 pF) 


8 


6"'- "" 


4 
"" "~ 


1 


~ 


0 


~ 
~VOO"15V 


"'" 


~ 
'~ 


~ 
~ 
Voo 
" 10 V 


.•••.........• 


t-- 
r--I---r---r--- 
VOO" 
5 V 
I--- 


Typical 
Maximum 
Frequency 
Divider 
Dl 


Division 
ratio: 
16 (CL = 50 pF) 


Typical 
Maximum 
Frequency 
Divider 
D2 


Division 
ratio: 
2 (CL = 50 pF) 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 
Vdc 


Output Rise Time 
lTLH 
5.0 
- 
180 
360 
ns 


10 
- 
90 
180 
15 
- 
65 
130 


~tPut 
Fall Time 
\ 
lTHL 
5.0 
100 
200 
ns 


10 
- 
50 
100 
15 
- 
40 
80 


Minimum PulseWidth, Cl, Ql/C2, 
or PCin Input 
lWH 
5.0 
- 
125 
250 
ns 


10 
- 
60 
120 


15 
- 
45 
90 
f ~"m"m "." 
"•• """ Co" "m•. 
lTLH. 
5.0 
15 
- 
- 
." 
Cl, Ql/C2, 
or PCin Input 
lTHL 
10 
15 
- 
- 


I 
15 
15 
- 
- 
._--- 


Input Resistance 
Rin 
5.0 to 15 
- 
106 
- 
Mn 


Input Sensitivity, DC Coupled 
5.01015 
See Input Voltage 


Turn-Off 
Delay Time, 
lpHL 
5.0 
- 
550 
1100 
ns 
PCout and PCP out Outputs 
10 
- 
195 
390 
15 
- 
120 
240 


Turn-On Delay Time, 
lPHL 
5.0 
- 
675 
1350 
ns 
PCout and PCPout Outputs 
10 
- 
300 
600 


15 
- 
190 
380 


Maximum Clock Pulse Frequency 
lei 
MHz 
Division Ratio = 4, 64 or 100 
5.0 
3.0 
6.0 
- 


10 
8.0 
16 
- 


15 
10 
22 
- 


Division Ratio 
-= 16 
5.0 
1.0 
2.5 
- 
MHz 


10 
3.0 
6.3 
- 


15 
5.0 
9.7 
- 
Propagation Delay Time, Ql/C2 
Output 
lpLH. 
ns 
Division Ratio = 4, 64 or 100 
lPHL 
5.0 
- 
450 
900 
10 
- 
190 
380 
15 
- 
130 
260 


Division Ratio = 16 
5.0 
- 
720 
1440 
ns 


10 
- 
300 
600 
15 
- 
200 
400 


Maximum Clock Pulse Frequency 
fel 
5.0 
1.2 
1.8 
- 
MHz 
(Figure 3a) 
10 
3.0 
8.5 
- 


15 
4.0 
12 
- 


Turn-On Delay Time, "0" Output 
lPLH 
5.0 
- 
450 
900 
ns 
(Figure 3al 
10 
- 
190 
380 
15 
- 
130 
260 
Turn-Off 
Delay Time, "0" Output 
lpHL 
5.0 
- 
225 
450 
ns 
(Figure 3a) 
10 
- 
85 
170 
15 
- 
60 
150 


Minimum Preset Enable PulseWidth 
'WHIPE) 
5.0 
- 
75 
250 
ns 


10 
- 
40 
100 
15 
- 
30 
75 


SWITCHING TIME TEST CIRCUITS AND WAVEFORMS 


FIGURE 
1 - PHASE COMPARATOR 


.':.QQ. 


2 
"O"OUl 
REF 


@ 


2on~tWIC'1 


'in 
'mal< 


tPHL 


~ 
--- ------o'3PCout 


Voo = Pin 16 


VSS=Pin8 


The MC14568B contains a phasecomparator, a fixed 
divider 
(7 4, 7 16, 7 64, 7 100) and a programmable 
divide·by·N 4·bit counter. 


The phase comparator is a positive edge controlled 
logic circuit. 
It essentially consists of four flip·flops and 


an output pair of MaS transistors. Only one of its inputs 
(PCin, pin 14) is accessible externally. 
The second is 
connected to the output of one of the two counters D1 
or D2 Iseeblock diagraml. 
Duty cycles of both input signalslat A and B) need not 


be taken 
into 
consideration 
since the comparator 
responds 
to leading edgesonly. 
If 
both 
input signals have identical frequencies but 
different 
phases,with signal A (pin 14) leading signal B 


(Ref.), the comparator output will be high for the time 
equal to the phasedifference. 
If signal A lagssignal B, the output will be low for the 
sametime. In between, the output will be in a three·state 
condition and the voltage on the capacitor of an RC filter 
normally 
connected at this point will have some inter- 
mediate value (seeFigure 4). When used in a phaselocked 
loop, this value will adjust the Voltage Controlled ascii· 
lator frequency by reducing the phasedifference between 
the reference signal and the divided VCO frequency to 


zero, 


FIGURE 4 - PHASE COMPARATOR 
WAVEFORMS 
n 
n- 


VOD 


A 
(PCinl~ 
I.~ 
L- 
VSS 


: ~ 
1/1 ----...11 
;r-----, 
r+--t- 
VOH 


B (Ref,)-----H 
~ 
: 
L- 
VOL 
----u 
" 
V 
PCP out 
U 
OH 
____ 
VOL 


I' 
II 


PCout ----l1 
:: 
VOH 


U:::::::= v a L 


If the input signalshave different frequencies,the out· 


put signal will be low when signal B hasa lower frequency 
than signal A, and high otherwise. 


Under the sameconditions of frequency difference, the 
output will vary between VOH (or VOL) and some inter· 
mediate value until 
the frequencies of both signals are 
equal and their phase difference equal to zero, i.e. until 
locked condition is obtained. 
Capture and lock rangewill be determined by the VCO 
frequency range. The comparator is provided with a lock 
indicator 
output, 
which will 
stay at logic 1 in locked 


conditions. 
. 


The state diagram (Figure 5) depicts the internal state 


transitions. It assumesthat only one transition on either 
signal occurs at any time. It shows that a changeof the 


output 
state 
is always 
associated 
with 
a positive 
transition 


of either signal. For a negativetransition, the output does 
not change state. A positive transition may not cause the 
output 
to 
change; this happens when the signals have 


different frequencies. 


DIVIDE BY 4,16,64 
OR 100 COUNTER (D1) 


This counter is able to work at an input frequency of 


5 MHz for a VDD value of 10 volts over the standard 
temperature range when dividing by 4, 64 and 100. Pro· 
gramming is accomplished by use of inputs F and G Ipins 
10 and 11) according to the truth table shown. Connect· 
ing the Control input (CTL, pin 15) to VDD allows cas· 
cading this counter with the programmable divide·by·N 
counter 
provided 
in 
the 
same package. Independent 


operation 
is obtained when the Control 
input 
is con· 


nected to V55. 


The different division ratios have been chosen to gen· 


erate the reference frequences corresponding to the chan· 
nel spacings normally required in frequency synthesizer 
applications. 
For example, with 
the division ratio 
100 


and a 5 MHz crystal stabilized source a reference fre· 
quency of 50 kHz is supplied to the comparator. 
The 
lower division ratios permit operation with low frequency 
crystals. 


If used in cascadewith the programmable divide·by·N 


counter, 
practically 
all usual reference frequencies, or 


channel spacings of 25, 20, 12.5, 10,6.25 
kHz, etc. are 


easily achievable. 


PROGRAMMABLE 
OIVIDE·BY·N 


4·BIT COUNTER 
(02) 


DP4 (pins 7 
4). The Preset Enable input enables the 


parallel preset inputs Dpl 
. DP4. The "0" output must 


be externally connected to the PE input for single stage 
applications. Since there is not a cascadefeedback input, 
this counter, when cascaded, must be used as the most 
significant digit. Becauseof this, it can be cascadedwith 
binary counters aswell aswith BCD counters (MC14569B, 
MC14522B, MC14526B). 


CF 


C 
Me 145228 
Q4 
0' 
MC14526B 
"0" 


CF 


C 
Me 145228 
04 
0' 
MC14526B 


Nl 


(0-5) 


(625 kHz steps) 


N2 


(0-9) 
(62.5 kHz steps) 


N3 


(0,4,8, 
121 


(6.25 kHz steps) 


Example: 
fout = N 1 (MHzl + N2 (x 100 kHz) + N3 (x25 kHz) 
Frequency range = 5 MHz 
Channel spacing = 25 kHz 
Reference frequency = 6.25 kHz 


Figures shown in parenthesis 
refer to example. 


HIGH SPEED PROGRAMMABLE 
DIVIDE-BY-N 
DUAL 4-BIT BCD/BINARY 
COUNTER 


The MC14569B is a high speed programmable divide-by-N dual 


4-bit BCD or binary down counter constructed with MOS P-channel 
and N-channel enhancement mode devices (complementary 
MOS) 


in a single monolithic 
structure. 


It has been designed for use with the MC14568B phasecompara- 


tor/counter 
in frequency synthesizers, phase-locked loops, and other 


frequency division applications requiring low power dissipation and/ 
or high noise immunity. 


• 
9.5 MHz Typical Counting Rate at 10 V for Any Division 
Ratio Greater Than 1 


• 
Speed-up Circuitry 
for Zero Detection and Preset Enable 


• 
Each 4-Bit Counter Can Divide Independently in BCD 


or Binary Mode 


• 
Quiescent Current = 5 nA typ/pkg 
@ 5 Vdc 


• 
Can be CascadedWith MC14568B, MC14522B and MC14526B 


for Frequency Synthesizer Appl ications 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 
CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


HIGH SPEED PROGRAMMABLE 


DIVIDE-BY-N 
DUAL 4-BIT 


BCD/BINARY 
COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


""""'"11SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Voo 
Tlow . 
25°C 
Thi h- 


Characteristic 
Symbol 
Vde 
Min 
Ma. 
Min 
TVp 
Max 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


Vin =VOD 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 
Vin=O 
or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Vottage~ 
"0" Level 
VIL 
Vde 
(Va 
= 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va: 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 


(Va - 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVo 
• 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
IOH 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


IVOH : 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
.- 


(VOH : 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-0.88 
- 
-2.4 
- 


IVOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL - 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL =1.5 
Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current ICLlCP Device) 
'OH 
mAde 
IVOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
-. 
-1.7 
- 


IVOH - 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
IVOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL: 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL· 
0.5 Vdcl 
10 
1.3 
- 
1'.1 
2.25 
- 
0.9 
- 


IVOL =1.5 
Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current IAL Device) 
I," 
15 
± 0.1 
to.OOOOl 
±O.l 
± 1.0 
/.lAde 


Input Current ICL/CP Device) 
I," 
15 
- 
± 0.3 
- 
to.OOOOl 
± 0.3 
- 
±1.0 
pAdc 


Input 
Capacitance 
Con 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
IVin=QI 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
5.0 
0.005 
5.0 
150 
j.lAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current ICLlCP DeVice) 
'00 
5.0 
- 
50 
- 
0.005 
50 
- 
150 
,/JAde 


(Per 
Package) 
10 
- 
100 
- 
0.010 
100 
- 
300 


15 
- 
200 
- 
0.015 
200 
- 
600 
Total Supply Current·· 
t 
IT 
5.0 
10.58 ~A/kHzl 
f + 100 
IJAdc 


(Dynamic 
plus 
Quiescent, 
10 
11.20~A/kHzlf+ 
100 


Per 
Package) 
15 
11.95 ~A/kHzl 
f + 100 


(CL = 50 pF on all outputs, all 
buffers sWitching) 


-Tlow =-SSoC 
for AL DeVice, -40oC for CLlCP Device. 
Thigh'" +125°C for AL Device, +8SoC for CLlCP Device. 
#Noise immunity spet,;ifiedfor worst·caseinput combination. 
Noise Margin for both "1" and "0" level'" 1.0 Vdc min @ Vaa 
= 5.0 Vdc 


2.0 Vdc min @ VDO 
= 10 Vdc 
2.5 Vdc min@Vaa 
=15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


ITleLI: 
ITI50 pFI + 1 x 10-3 ICL -501 VOOf 


'Nhere: IT is in JJA(per package), CL in pF, VDO in Vdc, and f in kHz is input frequency. 


. -The formulas given are for the typical characteristicsonly at 2SoC. 


This 
device contains circuitry 
to' protect 


the inputs against damage due to high static 
voltages or electric 
fields; 
hO\o'\lfver, 
it 
is 


advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum 
rated voltages to this high 
impedance circuit. For proper operation it 
is recommended 
that 
Vin 
and 
Vout 
be 


constrained to 
the 
range VSS " 
(Vin 
or 


Voutl 
•• VOO' 


Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 
VSS or Vool. 


Voo 
All Types 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
M•• 
Unit 


Output 
Rise Time 
tTLH 
5.0 
- 
tOO 
200 
ns 


10 ' 
- 
50 
100 


15 
- 
40 
80 


Output Fall Time 
tTHL 
5.0 
- 
100 
200 
ns 


10 
- 
50 
100 


15 
- 
40 
80 


Turn-Qn 
Delay Time 
tpLH 
ns 


PEout 
5.0 
- 
420 
700 


10 
- 
175 
300 


15 
- 
125 
250 


Q Output 
5.0 
- 
675 
1200 
ns 
10 
- 
285 
500 
15 
- 
200 
400 


Turn-Off Delay Time 
tpHL 
ns 


PEout 
5.0 
- 
380 
600 
10 
- 
150 
300 


15 
- 
100 
200 


Q Output 
5.0 
- 
530 
1000 
ns 


10 
- 
225 
400 


16 
- 
155 
300 


Clock Pulse Width 
tWH 
5.0 
300 
100 
- 
ns 


10 
150 
45 
- 


15 
115 
30 
- 


Clock Pulse Frequency # 
lei 
5.0 
- 
3.5 
2.1 
MHz 


10 
- 
9.5 
5.7 
15 
- 
13.0 
7.8 


Clock Pulse Rise and Fall Time 
tTLH. tTHL 
5.0 
'" 
10 
NO LIMIT 


15 


--------------------~ 


tPLH~O%. 
------------j. L 


tTLH 


The MC14569B includes a high speedJohnson counter 


followed 
by a BCD/binary 4-bit synchronous counter (see 
block diagram). The useof an encoder allows the Johnson 
counter to be programmed (Le. preset) in BCD or binary 
code through 
inputs 
DpA 1. DpA2, 
DPA3, and DPA4. 


The BCD/binary 
counter can be programmed through 
inputs DPB1, DPB2, DPB3, and DPB4. For each counter a 
divide ratio of 10 (BCD count) or 16 (binary count) can 
be chosen independently 
by 
inputs 
CTLA 
and CTLB 
respectively. When one of those inputs is set high, the 
divide ratio 
of the corresponding counter 
is 10 (BCD); 


when it is set low, the division ratio is 16 (binary). 
A Cascade Feedback input (pin 7), a Q output (pin 15) 
and a Preset Enable output 
(pin 1) made it possible to 


cascadethe MC14568B, MC14522B and MC14526B with 
this 
device. CF, Q and PEout of MC14569B 
must be 
respectively connected to "0", 
C and PE of the following 
counter. 


When MC14569B is u.ed alone, CF must be connected 


to VDD. One pulse will appear on output 
PEout every N 


clock periods (N being the value programmed on the Dp 
inputs). Both counters included in MC14569B, and even- 
tually 
all the counters which are cascaded, should nor- 


mally be preset at the programmed values during the clock 
period where they all reach the count zero. For best speed 
performance, preset isstarted assoon ascount 1 isdetected. 
As a consequence, it is not possible to program a frequency 
division ratio of one. However, it is possible to program a 
division ratio of 11 (Le. DpA1. ... 
DPA4 = 1,0,0,0 and 


DPB1, ... 
DpB4 = 1,0,0,0). or a division ratio of 101 if 


another counter is cascadedwith the MC14569B. 


This 
high speed configuration 
makes it possible to 


guarantee a maximum clock pulse frequency of 5.7 MHz 
for a 10 V VDD supply for any division ratio greater than 
one. Due to the presence of the early zero detection, the 
circuit 
must be used in the two 
least significant 
digit 


positions. 
Becauseall the circuitry 
is static, there is no minimum 


frequency specification for the Clock input, C (pin 9). 
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u 
Z 
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8.0 
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The MC14572UB hex functional 
gate is constructed with MOS 


P-channel and N-channel enhancement mode devices in a single 
monolithic 
structure. These complementary 
MOS logic gates find 


primary use where low power dissipation and/or high noise immun- 
ity is desired. The chip contains four inverters, one NOR gate and 
one NAND 
gate_ 


• 
Quiescent Current = 0.5 nA/package typical 
@ 5 Vdc 


• 
Noise Immunity 
= 45% of VDD typical 


• 
Diode Protection on All Inputs 


• 
Single Supply Operation 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Input Impedance = 1012 ohms typical 


• 
NOR Input Pin Adjacent to VSS Pin to Simplify 
Use As An 
Inverter 


• 
NAND Input Pin Adjacent to VDD Pin to Simplify Use As An 
Inverter 


• 
NOR Output Pin Adjacent to Inverter Input Pin For OR 
Application 


• 
NAND 
Output 
Pin Adjacent to 
Inverter Input 
Pin For AND 


Application 


• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
Voo 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
,I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 
cuep 
Device 
-40 to +85 


Storage Temperature 
Range 
T 5t9 
-65 to +'50 
.0C 


HEX GATE 


4 INVERTERS PLUS 


2·INPUT NOR GATE PLUS 


2·INPUT NAND GATE 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC,4XXXUB ~SU~f;Xc.::;:t::Ck'.' 


t= P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Voo 
Tlow . 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vi" 
'"'OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
"0" Level 
VIL 
Vdc 


IVO - 3.60' 
1.4 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.4 


IVO = 7.20' 
2.8 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
2.9 


IVO = 11.5 or 3.5 Vdcl 
15 
- 
3.75 
- 
6.75 
3.75 
- 
3.6 


"1" 
Level 
VIH 


(VO = 1.4 or 3.6 Vdcl 
5.0 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 2.8 or 7.2 Vdc) 
10 
7.1 
- 
7.0 
5.50 
- 
7.0 
- 


IVO = 3.5 0' 11.5 Vdc) 
15 
11.4 
- 
11.25 
8.25 
- 
11.25 
- 


Output 
Drive 
Current 
IAL 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


1VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
1VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CUep 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH = 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


IVOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
'0.1 
- 
'0.00001 
±0.1 
- 
, 1.0 
J-lAdc 


Input 
Current 
(CLlep Device) 
lin 
15 
- 
± 0.3 
- 
'0.00001 
± 0.3 
- 
, 1.0 
~Adc 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vi":= 
OJ 


Quiescent Current 
(AL 
Device) 
100 
5.0 
- 
0.05 
- 
0.0005 
0.05 
- 
1.5 
J-lAdc 


(Per 
Package) 
10 
- 
0.10 
- 
0.0010 
0.10 
- 
3.0 


15 
- 
0.20 
- 
0.0015 
0.20 
- 
6.0 


Quiescent Current 
(CUep 
DeVIce) 
100 
5.0 
- 
0.5 
- 
0.0005 
0.5 
- 
3.8 
J-lAdc 


(Per 
Package) 
10 
- 
1.0 
- 
0.0010 
1.0 
- 
7.5 


15 
- 
2.0 
- 
0.0015 
2.0 
- 
15 


Total Supply Current·· 
t 
IT 
5.0 
IT = 11.89 /lA/kHz) 
f + 100 
J-lAdc 


(Dynamic 
plus 
Ouiescent, 
10 
IT = 13.80 /lA/kHz! 
f + 100 


Per 
Package) 
15 
IT = 15.68 /lA/kHz! 
f + 100 


(CL 
'" 50 
pF on all outputs, 
all 


buffers 
switching) 


*Tlow 
- -55°C 
for AL Device, -400C 
for CL/CP 
Oevice. 


Thigh = +12SoC 
for AL Device, +8SoC for CL/CP 
Device. 
#Noise immunity 
specified for worst-case input combination. 
tTo calculate total supply current at loads other than 50 pF: 


ITICL) = IT(50 pFI + 6 x 10-3 
ICL -50) VOOf 
where: IT is in IlA (per package), CL in pF, VOO 
in Vdc, and f in kHz is input frequency. 


--The 
formulas given are for the typical characteristics only at 25°C. 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 


vised that normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im· 


pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained 
to the range VSS " 
(Vin or Vout) 
•• VOO' 
Unused inputs must always be tied to an appropriate 
logic voltage level le.g., either VSS or VOO). 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH: 
(3.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 
tTLH: 
11.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 
tTLH: 
11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL: 
11.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL: 
10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
tTHL: 
10.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH. 
ns 


tpLH. 
tpHL = 11.7 ns/pF) CL + 30 ns 
tpHL 
5.0 
- 
115 
200 
tPLH. tpHL = 10.66 ns/pFI CL + 22 ns 
10 
- 
55 
110 
tpLH. tpHL = 10.5 ns/pF) CL + 15 ns 
15 
- 
40 
85 


Voo 
Voo 


16 


Output 


Output 


CL 


-= 
-= 


VOO 
l 
r-- 
20n5 
---j 


16 
90% 


Input 
50% 


10% 


~ 


VSS 


Output 
j'PHL 
13 
VOH 
90% 


Output J ,.. 
10% 
VOL 
-= 
t,L 


@ MOTOROLA 


QUAD PROGRAMMABLE 
OPERATIONAL 
AMPLIFIER 


QUAD PROGRAMMABLE 
COMPARATOR 


DUAL/DUAL 
PROGRAMMABLE 
AMPLIFIER-COMPARATOR 


The MC14573, MC14574, and MC14575 are a family of quad 


operational 
low 
power 
amplifiers 
and comparators 
using the comple- 


mentary 
P-channel 
and 
N-channel 
enhancement 
MOS 
devices 
in 
a 


single 
monolithic 
structure. 
The 
operating 
current 
is 
externally 


programmed 
with 
a resistor 
to 
provide 
a choice 
in the 
tradeoff 
of 


power 
dissipation 
and 
slew 
rates. 
The 
operational 
amplifiers 
are 


internally 
compensated. 


These 
low 
cost 
units 
are 
excellent 
building 
blocks 
in consumer, 


industrial, 
automotive 
and 
instrument 
applications. 
Active 
filters, 


voltage 
reference, 
function 
generators, 
oscillators, 
limit 
set alarms, 
TTL to CMOS or CMOS to CMOS up converters, A to D converters 


and 
zero 
crossing 
detectors 
are 
some 
applications. 
These 
units 
are 
useful in both battery operated and line operated systems. 


• 
Low Cost Quads 


• 
Power Supply-Single 
3.0 to 15 Vdc 
Dual ± 1.5 to ± 7.5 Vdc 


• 
Wide Input Voltage Range 


• 
Common Mode Range0.0 to VCC - 2.0 Vdc for Single Supply 


• 
Externally 
Programmable 
with 
One 
or Two 
Resistors 


• 
Two Offset Ranges-10 mV max and 50 mV max 


• 
Internally Compensated Operational Amplifiers 


• 
High Input Impedance 


• 
Comparators-JEDEC 
B-SeriesCompatible 


• 
CMOS and TTL Compatible 


MC14573/MC14573·1 


Quad 
Op 
Amplifier 


MC14574/MC14574-1 


Quad Comparator 


Inputs A { 
2 


MC14575/MC14575-1 


Dual 
Qp Amplifier 
(Segments 
A & Bl 
plus 
Dual Comparator 
(Segments C & OJ 


Inputs B { 
5 


MC14573 
MC14574 
MC14575 


QUAD PROGRAMMABLE 
OPERATIONAL 
AMPLIFIER 


QUAD PROGRAMMABLE 
COMPARATOR 


DUAL/DUAL 
PROGRAMMABLE 


OPERATIONAL 


AMPLIFIER-COMPARATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC'4XXX' 
~SU~f;Xce=:;:t::Ckage 


t= P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 
C 
Limited 
Operating 
Temperature 
Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VCC 
-0.5 
to + 18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 
to VCC 
+ 0.5 
Vdc 


DC 
Current 
Drain 
per Pin 
I 
10 
mAdc 


Operating 
Temperature 
Range-AL 
Device 
TA 
-55 to + 125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
Tstg 
-65 
to +150 
°c 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to high 
statIc 


voltages 
or 
electric 
fields; 
however. 
it 
is 


advised 
that 
normal 
precautions 
be 
taken 


to 
avoid 
application 
of 
any 
voltage 
higher 


than 
maximum 
rated 
voltages 
to 
this 
high 


impedance 
circuit. 
For 
proper 
operation 
it 


is 
recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range 
VEE 
(Vin 
or 


Vout) 
~ 
VCC' 


Unused 
inputs 
must 
always 
be 
tied 
to 


an appropriate 
logic 
voltage 
level 
(e.g .. eIther 


VCC 
or VEE' 


RECOMMENDED 
OPERATING 
RANGE 


DC Supply 
Voltage 


VCC 
All 
Types 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Input 
Common 
Mode 
Voltage 
Range 
VICR 
Vdc 


liSe, = 200 ~A) 
5.0 
0 
- 
3.0 
10 
0 
- 
8.0 
15 
0 
~ 
13 


Output 
Voltage 
Range 
VOR 
Vdc 


IISet = 50 ~A) 
5.0 
1.05 
- 
4.0 


(RL: 
100 
k connected 
to VEE) 
10 
1.05 
- 
9.0 


15 
1.05 
- 
14 


Input 
Offset 
Voltage 
VIO 
mVdc 


IISet = 50 ~A) 
MC14573. MC14575 
10 
- 
,10 
'50 
MC14573·1. MC, 4575·1 
10 
- 
, 5.0 
,10 


Average 
Temperature 
Coefficient 
of 
Input 
Offset 
Voltage 
- 
- 
- 
20 
- 
~V/oC 


Input 
S.as Current 
liB 
10 
- 
- 
1.0 
nA 


Input 
Offset 
Current 
110 
10 
- 
- 
200 
pA 


Open 
Loop 
Voltage 
Gain 
IISet - 50 ~A) 
AVOL 
10 
- 
90 
- 
dB 


Power 
Supply 
Rejection 
Ratio 
PSRR 
10 
~ 
70 
- 
d8 


Common 
Mode 
Rejection 
Ratio 
CMRR 
10 
- 
80 
- 
dB 


Channel 
Separation 
- 
10 
- 
-100 
- 
dB 


Slew 
Rate 
SR 
10 
- 
2.5 
- 
V/JJS 
IISet = 40 ~A) 


Phase Margin 
¢m 
10 
- 
45 
- 
Degrees 


Supply 
Current, 
Per pair 
MC14573, 
MC14575 
ICC 
~A 


IRse, = 1 Mill 
5 
~ 
50 
- 


10 
- 
100 
- 


15 
.- 
150 
- 


Supply 
Current. 
Per pair 
MC14574. 
MC14575 
ICC 
5 
- 
0.5 
- 
mA 
IRse, = 100 k) 
10 
- 
1.2 
- 


15 
- 
1.8 
- 


COMPARATOR 


ELECTRICAL 
CHARACTERISTICS 
{VEE = a Vdc. TA = 250CI 


VCC 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Ma. 
Unit 


Input 
Common 
Mode 
Voltage 
Range 
VICR 
Vdc 


{ISet = 200 pAl 
5.0 
a 
- 
3.0 


10 
a 
- 
8.0 


15 
a 
- 
13 


Output 
Voltage 
"0" Level 
VOL 
Vdc 


5.0 
- 
a 
0.05 


10 
- 
0 
0.05 


15 
- 
a 
0.05 


"'" 
Level 
VOH 
Vdc 


5.0 
4.95 
5.0 
- 


10 
9.99 
10 
- 


15 
14.95 
15 
- 


Output 
Drive Current 
(AL 
Device) 
10H 
mAde 
{VOH = 2.5 Vdcl 
Source 
5.0 
-2.4 
-4.2 
- 


{VOH = 4.6 Vdcl 
5.0 
-0.51 
-0.88 
- 


{VOH = 9.5 Vdcl 
10 
-1.3 
-2.25 
- 


{VOH = 13.5 Vdcl 
15 
-3.4 
8.8 
- 


{VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
1.25 
2.25 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
3.25 
5.6 
- 


{VOL = 1.5 Vdcl 
15 
8.5 
20 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.1 
-4.2 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.44 
-0.88 
- 


(VOH = 9.5 Vdcl 
10 
-1.1 
-2.25 
- 


(VOH = 13.5 Vdcl 
15 
-3.0 
-8.8 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
1.2 
2.25 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
2.6 
5.6 
- 


{VOL = 1.5 Vdcl 
15 
7.5 
20 
- 


Input 
Offset 
Voltage 
VIO 
'mVdc 
{ISet = 50 pAl 
MC14574. MC14575 
10 
- 
- 
50 
MC14574·1. MC14575·1 
10 
- 
- 
10 


Average 
Temperature 
Coefficient 
of 
Input 
Offset 
Voltage 
- 
- 
- 
20 
- 
IJV/oC 


Input 
Bias Current 
lIB 
10 
- 
- 
1.0 
nA 


Input 
Offset 
Current 
110 
10 
- 
- 
200 
pA 


Open 
Loop 
Voltage 
Gain 
{ISe, - 50 pAl 
AVOL 
10 
- 
96 
- 
dB 


Power 
Supply 
RejectIOn 
RatiO 
PSRR 
10 
- 
70 
- 
dB 


Common Mode Rejection Ratio 
CMRR 
10 
- 
80 
- 
dB 


Channel 
Separation 
- 
10 
- 
-100 
- 
dB 


Output 
Rise and 
Fait 
Time 
ITLH. 
tTHL 
10 
- 
100 
- 
ns 
(CL = 50 pFI 


Propagation 
Delay 
Time, 
5 mV 
Overdrive 
'd 
10 
- 
1000 
- 
ns 
{ISet = 50 pA. CL = 50 pFI 


Supply 
Current 
- 
Per pair 
MC14574, 
MC14575 
ICC 
pA 


{RSet = 1 Mnl 
5 
- 
50 
- 


10 
- 
100 
- 


15 
- 
150 
- 


Supply 
Current 
- 
Per pair 
MC14574. 
MC14575 
ICC 
mA 


{Rse, = 100 kl 
5 
- 
0.45 
- 


10 
- 
1.0 
- 


15 
- 
1.5 
- 


CJ 


CC 


. 
h5Vt075V 


..=.. 1.5 V to 7.5 V 


VEE 


'Set Ci'cuit 
)~----~ 
~j 
1 ~ 


Nonlnvert.ing 
C> 
-' 


Input 
1+) 
[::::> 
:~::t"I~~ 
[::::> 
I r-- 
.-, 
~fL:1 


1 


The 
programming 
current 
'Set 
is fixed 
by an external 
resistor 
RSel 
connected 
between 
VEE and either 
one or both 
of the 'Set 


pins 
(8 
and 
9). 
When 
two 
external 
programming 
resistors 
are 
used. 
the 
set 
currents 
for 
each 
op amp 
pair 
or comparator 
are 
given by: 


If 
a pair of op amps or comparators are not 
used, 
the 
ISet 


pin 
for 
that 
pair 
may 
be 
tied 
to 
VCC 
for 
minimum 
power 


consumption. 


It 
should 
be 
noted 
that 
increasing 
ISet 
for 
comparators 
will 


decrease 
propagation 
delay 
for that comparator. 


For 
operational 
amplifiers, 
the 
maximum 
obtainable 
output 
voltage (VOH) for a given load resistor connected to VEE is given 


by: 
VCC - VEE - 1 
'Set luAI 
~ 
RSet IMnJ 
VOH = 14 X 1O-3'SetIRL 
-0.05 
v. RL in kH 


if (4 X 10-3 ISet)RL 
< VOO. 
ISet 
in pA 


Typical 
op amp 
slew 
rates are given 
by: 


SA 
lit; 0.05 
ISet 
(VIps). 
ISet 
in pA 


Pins 
8 and 
9 
may 
be 
tied 
together 
for 
use with 
a single 
pro- 


gramming 
resistor, 
The 
set 
currents 
for 
each 
op 
amp 
pair 
or 


comparator 
pair 
are then 
given 
by: 


CirCUit 
diagrams 
utIliZIng 
Motorola 
products 
are 
Included 
as d ,neans 
of 
IllUStrating 
tvplcal 
semIconductor 
applIcat,ons 
consequently. 


complete 
Informdtion 
sufl!C,ent 
for 
constructIon 
purposes 
IS not 


necessarIly 
gIven 
The 
Inlormatlon 
has 
been 
carefully 
check 
ell 
and 


IS 
believed 
to 
be 
ent"ely 
reliable 
However, 
no 
responSIbIlity 
IS 


assurT>ec1 lor 
InaccuracIes 
Furthermore, 
such 
Information 
does 
not 


convey 
to 
the 
purchaser 
of 
the 
semIconductor 
deVices 
deSCribed 
any 
lIcense 
under 
the 
patent 
rIghts 
of 
Motorola 
Inc 
~r 
others 


® MOTOROLA 


The MC14580B is a 4 by 4 multiport 
register useful in small 


scratch pad memories, arithmetic operations when coupled with an 
adder, and other data storage applications. It allows independent 
reading of any two words (or the sameword at both outputs) while 
writing into anyone of four words. 
. 


Address changing and data entry occur on the rising edge of the 
clock. When the write enable input is low, the contents of any word 
may be acceSsedbut not altered. 


• 
Logic Swing Independent of Fanout 


• 
No Restrictions on Clock Input Rise or Fall Times 


• 
3·State Outputs 


• 
Single PhaseClocking 


• 
Quiescent Current = 10 nA/package typical @ 5 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low·power TTL Loads, One Low·power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper· 
ature Range. 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
V," 
-05 
to VOO + 0.5 
Vdc 


DC 
Current 
Drain 
per 
PIn 
I 
10 
mAde 


Operating Temperature 
Range - 
AL DeVice 
TA 
-55 
to +125 
DC 


CLlCP 
DeVice 
-40 
to +85 


Storage 
Temperature 
Range 
Tug 
-65 to +150 
DC 


Clock 


WE 


DO 


Oota 
{ 
01 


Input 
02 


03 


MC14580B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
709 


""m,"r'""" 
0•••• 
' 
L L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


VOO 
24 


01S 
23 


3 
OOS 
22 


4 
3-5t8te 
8 
21 


5 
DO 
20 


6 
01 
19 


02 
18 


03 
17 


9 
C 
16 


10 
WE 
15 


11 
Read 
'A 
14 


12 
Read 0A 
13 


VOD = Pin 24 


VSS = Pin 12 


Voo 
Tlow. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
MaX 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
Vao 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
o or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" 
Level 
VIL 
Vdc 


(VO" 
4.50,0.5 
Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO" 
13.5 0,1.5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 


(Va'" 
0.5 or 4.5 Vdc) 
• 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


1Vo' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va'" 
1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


1VOH" 
2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


IVOH - 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH " 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH" 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL" 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL " 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL" 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 


IVOH " 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
"0.8 
-1.7 
- 
-0.6 
- 


IVOH 
= 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH" 
9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
"0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


1VOL " 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL" 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL" 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
fAL Device) 
lin 
15 
- 
,01 
- 
'0.00001 
±O.l 
- 
± 1.0 
pAde 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
'03 
- 
±O.OOOOl 
, 0.3 
- 
! 1.0 
/-lAde 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
== Q) 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
/-lAde 


(Per 
Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 


15 
- 
20 
- 
0.030 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVIce) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
}..tAde 


(Per 
Package) 
10 
- 
100 
- 
0.020 
100 
.- 
750 


15 
- 
200 
- 
0.030 
200 
- 
1500 


Total 
Supply 
Current·· 
t 
IT 
5.0 
IT - 11.18 "A/kHzl 
f 
' 
100 
j.lAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = 11.91·"A/kHzl 
f + IOD 
Per Package) 
15 
IT = (2.67 "A/kHzI 
, t 
IDD 


(CL 
'" 50 pF 
on all 
outputs, 
all 


buffers 
switching) 


Three-State 
Leakage 
Current 
ITL 
15 
- 
, 01 
- 
•000001 
± 0.1 
- 
,30 
.uAdc 


IAL 
Device) 


Three-State 
Leakage 
Current 
ITL 
15 
- 
tl,O 
- 
-0.00001 
± 1.0 
- 
'7.5 
}.lAde 


(CLlCP 
Device) 


·Tlow 
= -5SoC 
for 
AL 
Device, 
-40oC 
for 
CLlCP 
Device. 


Thigh 
= +1250C 
for 
AL 
Device, 
+850C 
for 
CLlCP 
Device. 


-=Noise 
immunity 
spedfied 
for 
worst-case 
input 
combination. 


NOIse Margin 
for 
both 
"1" 
and "0" 
level 
= 1.0 Vdc 
min 
@ VDD 
:" 5.0 Vdc 


2.0 Vdc 
min 
@ VDD 
..: 10 Vdc 


2.5 Vdc 
min@ 
VDD 
= 15 Vdc 


lTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF: 


ITICLI 
= ITI50 pFI + 4 x 10-3 (CL -501 VOO' 


where: 
IT 
is in.uA 
(per 
package), 
CL 
in pF, 
VOD 
in Vdc, 
and 
f in 
kHz 
is input 
frequency. 


"The 
formulas 
given 
are for 
the 
typical 
characteristics 
only 
at 2SoC. 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
agiinst 
damage 
due 
to 
high 
static 
voltages 
or 
electric 
fields; 
however, 


it 
is advised 
that 
normal 
precautions 
be 


taken 
to 
avoid 
application 
of 
any voltage 


higher 
than 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that 
Vin and 
Vout 
be constrained 
to 
the 
range VSS " 


(V in or Vout) 
" 
VOO' 


Unused 
inputs 
must 
always 
be tied 
to an 


appropriate 
logic 
voltage 
level 
(e.g" 
either 
VSS or VOO). 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
ns 


'TLH 
= 13.0 ns/pFI CL + 30 ns 
5.0 
- 
180 
360 
'TLH 
= 11.5 ns/pFI CL + 15 ns 
10 
- 
90 
180 


'TLH 
= ILl 
ns/pFI CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
tTHL 
ns 
tTHL 
= 11.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


'THL 
= 10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 
'THL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time, Clock to Output 
'PLH, 
ns 


'PHL, 
tPLH = 11.7 ns/pFI CL + 1415 ns 
tpHL 
5.0 
- 
1500 
4500 
'PHL, 
tPLH = 10.66 ns/pFI CL + 467 ns 
10 
- 
500 
1500 
tPHL, 'PLH 
= 10.5 ns/pFI CL + 325 ns 
15 
- 
350 
1125 


Write Enable Setup Time 
'sulWEI 
5.0 
- 
800 
2000 
ns 


10 
- 
300 
750 


15 
- 
180 
550 


Write Enable Setup Time 
'sulWEI 
5.0 
- 
-300 
+150 
ns 


10 
- 
-100 
+75 


15 
- 
-60 
+55 


Write Enable Hold Time 
'hlWEI 
5.0 
- 
-800 
-200 
ns 


10 
- 
-300 
-75 


15 
- 
-180 
-45 


I Address and Data Setup Time 
'suIDI, 
5.0 
- 
150 
450 
ns 


tsu(W) 
10 
- 
70 
210 
. 


15 
- 
50 
160 


I Address and Data Hold T;me 
'hIDI, 
5.0 
- 
160 
480 
ns 


thlWI 
10 
- 
65 
195 
15 
- 
50 
150 


13'5,ate 
Enable/D;sable Delay T;me·· 
tPHZ. tPLZ, 
5.0 
- 
355 
900 
ns 


'PZH, 'PZL 
10 
- 
140 
350 


15 
- 
85 
250 


Positive Clock Pulse Width 
tWH 
5.0 
- 
1000 
3000 
ns 


(minimum) 
10 
- 
350 
1050 


15 
- 
200 
800 


Negative Clock Pulse Width 
'WL 
5.0 
- 
400 
1200 
ns 
(minimum) 
10 
- 
85 
255 
15 
- 
60 
200 


*The 
formula given is for the typical characteristics only. 


**Measured 
at the point of 10% change at output when the output 
load is 1.0 nand 
50 pF. 


Sink Current 
Source Current 


Position of S1 
2 
1 


VGS '"' 
Voo 
-V DO 


Vos 
- 
Vout 
Vout 
- Voo 


PGl 
I 
L 


P.G. 2 JL...JL...JLJl- 


3~ 
P.G 
Output 
-" 
r---\ 
,-- 


anA,S 
~ 
'---' 


Clock 
WE 
Write 1 
Write 0 
Read 1A 
Read 0A 
Read 1B 
Read 0B 
3-5tate A 3-State 8 
Dn 
QnA 
QnB 
---r- 
1 
51 
52 
51 
52 
51 
52 
1 
, 
1 
1 
1 
--.J 
1 
51 
52 
51 
52 
51 
52 
1 
1 
0 
0 
0 
"""L..- 
X 
X 
X 
X 
X 
X 
X 
1 
1 
X 
No 
No 


Change 
Change 


X 
X 
X 
X 
X 
X 
X 
X 
0 
0 
X 
R 
R 
0 
X 
X 
X 
X 
X 
X 
X 
1 
1 
X 
No 
No 
Change 
Change 
, 
X 
X 
X 
X 
X 
X 
X 
1 
1 
X 
No 
No 


Change 
Change 
--.J 
1 
0 
0 
0 
1 
1 
0 
1 
1 
On to 
Contents 
Contents 


word 0 
of word 1 of word 2 
displayed displayed 
--.J 
0 
0 
0 
0 
1 
1 
0 
1 
1 
Word 0 
Contents Contents 
not 
of word 1 of word 2 


altered 
displayed displayed 


$1 and 52 refer to mput states of either "1" or "0" 
R Implies high resistance 
109 ohms. 
X ,. Don't 
care 


® MOTOROLA 


The 
MC14581B 
is a CMOS 4-bit 
ALU 
logic unit capable 
of providing 
16 functions 
of two Boolean 
variables 
and 16 binary 
arithmetic 
operations 


on 
two 
4-bit 
words. 
The 
level 
of 
the 
mode 
control 
input 
determines 


whether 
the 
output 
funciton 
is logic or arithmetic. 
The desired 
logic func- 


tion 
is selected 
by 
applying 
the 
appropriate 
binary 
word 
to 
the 
select 


inputs 
(SO thru 
S3) 
with 
the 
mode 
control 
input 
high, while 
the desired 


arithmetic 
operation 
is selected 
by applying 
a low voltage 
to the mode 
con- 


trol 
input, 
the 
required 
level to carry 
in, and the 
appropriate 
word 
to the 


select 
inputs. 
The word 
inputs 
and function 
outputs 
can be operated 
with 


either 
active 
high or active 
low data. 


Carry 
propagate 
(Pi and 
carry 
generate 
(G) outputs 
are provided 
to 
allow 
a full 
look-ahead 
carry 
scheme 
for fast simultaneous 
carry 
genera- 
tion 
for 
the 
four 
bits 
in the 
package. 
Fast 
arithmetic 
operations 
on long 
words 
are obtainable 
by using the MC145828 
as a second 
order 
look ahead 
block. 
An 
inverted 
ripple 
carry 
input 
(Cn) 
and 
a ripple 
carry 
output 


(Cn+4) 
are included 
for ripple through 
operation. 


When 
the 
device 
is in the 
subtract 
mode 
(LHHLI. 
comparison 
of 


two 
4-bit 
words 
present 
at the A and B inputs 
is provided 
using the A = B 


output. 
It assumes 
a high-level 
state 
when 
indicating 
equality. 
Also, when 
the ALU 
is in the 
subtract 
mode 
the 
Cn+4 output 
can be used to indicat" 
relative 
magnitude 
as shown 
in this table: 


Data 
Cn 
Cn + 4 
Magnitude 
Level 


H 
H 
A$B 


Active 
L 
H 
A<B 
High 
H 
L 
A>B 
L 
L 
A::'B 
L 
L 
A$B 


Active 
H 
L 
A<B 


Low 
L 
H 
A>B 
H 
H 
A::.B 


FEATURES: 


• 
Functional 
and Pinout 
Equivalent 
to 74181. 


• 
Quiescent 
Current 
= 5.0 nA/package 
typical 
@ 5 Vdc 
• 
High Noise Immunity 
= 45% of VDD typical 
• 
Diode 
Protection 
on All Inputs 
• 
Low Input 
Capacitance 
- 
5.0 pF typical 
• 
All Outputs 
Buffered 
• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 
• 
Capable 
of Driving Two 
Low-power 
TTL 
Load, 
One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the 
Rated 
Temper- 
ature 
Range 


MAXIMUM 
RATINGS 
(Voltages referenced to vssl 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
Tstg 
-65 to +150 
°c 


MC14581B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 


~ 


PSUFFIX 


PLASTIC 
PACKAGE 
24 
CASE 
709 


1 


",,,m.r'""" 
0" __ 


t= L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Funct;on j: 
Select 
Inputs 
5 


6 


w~rd!2: 
A 
21 


19 


W~rd\2: 
B 
20 


18 


9 1 
10 
Output 


11 
Function 


13 


14 Comparison 
Output 


Ripple 
16 
Carry 
Output 


Voo 
Tlow. 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin"=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin"""'OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VoltageP 
"0" Level 
VIL 
Vdc 


(Va 
0 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va" 
9.0 or 1.0 VdcJ 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va 
= 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(Va 
= 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(Va 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 VdcJ 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH = 13.5 VdcJ 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 VdcJ 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CL/CP 
Device) 
'OH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH = 4.6 VdcJ 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 VdcJ 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
- 1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 VdcJ 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
- 
± 1.0 
J,lAdc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
± 0.3 
- 
to.OOOOl 
± 0.3 
- 
t 1.0 
J.lAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
'" OJ 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/-lAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CL!CP 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/-lAde 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supplv 
Current·· 
t 
IT 
5.0 
IT = 11.8 pA/kHzI 
f + 'DO 
,uAdc 


(Dynamic 
plus Ouiescent, 
10 
IT = 13.7 pA/kHzI 
f + 100 


Per 
Package) 
15 
IT = (5.5 pA/kHzI 
f + 100 


(eL = 50 pF on 
all 
outputs, 
all 


buffers 
sWitching) 


*Tlow 
= -55°C 
for AL Device, -40oC for CLlCP Device. 
Thigh = +1250C for AL Device, +8SoC for CLlCP Device. 
z:Noise immunity spedfied for worst·case input combination. 


Noise Margin for both "1" and "0" level = 1.0 Vdc min@ VDD 
= 5.0 Vdc 
2.0 Vdc min @ VOD 
= 10 Vdc 


2.5 Vdc min @ VOO 
= 15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


ITICLI 
= IT(50 pFI 
+ 8 x 10-3 ICL -501 VOOf 
where: IT is in IJ,A(per package), CL in pF, VDO in Vdc. and f in kHz is input frequency. 
* -The formulas given are for the typical characteristics only at 25°C. 


This device contains circuitry to protect the inputs against damage due to high static voltagesor electric fields; however, it is ad· 
vised that normal precautions be taken to avoid application of any voltage higher than maximum rated 410ltagesto this high im· 
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range VSS " 
(Vin or Voutl 


<: VOO' 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VDOI. 


Characteristic: 
Symbol 
VDD 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH: 
13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 
tTLH = 11.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 
tTLH: 
11.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 
tTHL: 
11.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL: 
10.75 ns/pFI CL + 12.5 ns 
10 
- 
50 
100 


tTHL 
= 10.55 ns/pFI CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tpLH, 
ns 
Sum in to Sum Out 
tpHL 
tPLH, tPHL 
= 11.7 ns/pF) CL + 620 ns 
5.0 
- 
705 
1410 
tPLH, tpHL 
= 10.66 ns/pFI CL + 217 ns 
10 
- 
250 
500 
tpLH, 
tpHL 
= 10.5 ns/pF) CL + 155 ns 
15 
- 
180 
360 


Sum in to Sum Out (Logic Mode) 
tpLH, 
ns 
tpLH, 
tpHL 
= 11.7 ns/pF) CL + 520 ns 
tpHL 
5.0 
- 
605 
1210 
tPLH, tpHL: 
10.66 ns/pF) CL + 182 ns 
10 
- 
215 
430 
tPLH, tPHL' 
10.5 ns/pF) CL + 155 ns 
15 
- 
180 
360 


Sum in to A '" 8 
tpLH, 
ns 
tPLH, tpHL: 
11.7 ns/pFI CL + 870 ns 
tPHL 
5.0 
- 
955 
1910 
tpLH, 
tpHL 
= 10.66 ns/pF) CL + 297 ns 
10 
- 
330 
660 
tPLH, tPHL: 
10.5 ns/pF) CL + 220 ns 
15 
- 
245 
490 


Sum In to P or G 
tPLH, 
ns 
tPLH, tpHL 
= 11.7 ns/pF) CL + 400 ns 
tpHL 
5.0 
- 
485 
970 
tpLH, 
tPHL : 10.66 ns/pF) CL + 147 ns 
10 
- 
180 
360 
tPLH, tpHL: 
10.5 ns/pF) CL + 105 ns 
15 
- 
130 
260 


Sum In to Cn+4 
tpLH 
ns 
tPLH, tPHL = 11.7 ns/pF) CL + 530 ns 
5.0 
- 
615 
1230 
tPLH, tPHL : 10.66 ns/pF) CL + 187 ns 
10 
- 
220 
440 
tpLH, 
tpHL : 10.5 ns/pF) CL + 135 ns 
15 
- 
160 
360 


Carry In to Sum Out 
tpLH, 
ns 
tpLH, 
tPHL = 11.7 ns/pF) CL + 295 ns 
tPHL 
5.0 
- 
380 
760 
tpLH, 
tPHL = 10.66 ns/pF) CL + 112 ns 
10 
- 
145 
290 
tPLH, tPHL = 10.5 ns/pF) CL + 80 ns 
15 
- 
105 
210 


Carry in to Cn+4 
tPLH, 
ns 
tpLH, 
tPHL: 
11.7 ns/pF) CL + 220 ns 
tpHL 
5.0 
- 
305 
610 
tPLH, tPHL ·10.66 
ns/pF) CL + 87 ns 
10 
- 
120 
240 
tPLH, tpHL = 10.5 ns/pFI CL + 60 ns 
15 
- 
85 
170 


AC PATHS 
DC DATA 
INPUTS 
FIG.3 


TEST 
INPUTS 
OUTPUTS 
TO VSS 
TO VDD 
MODE 
WAVEFORM 


Sumin 
to Sumout 
1\0 
Any F 
Remaining 
A's 
All 8's 
Add 
#1 
Delay 
Time 
Cn 


Sumin 
to P 
1\0 
P 
Remaining 
A's 
AI18's 
Add 
#1 
Delay 
Time 
Cn 


Sumin 
to G 
80 
Cn+y 
All A's 
Remaining 
8's 
Add 
#1 
Delay 
Time 
Cn 


Sumin 
to Cn+4 
80 
G 
All A's 
Remaining 
S's 
Add 
#2 
Delay Time 
Cn 


Cn to Sumout 
Cn 
Any F 
AliA's 
All S's 
Add 
#1 
Delay 
Time 


Cn to Cn+4 
Cn 
Cn+4 
All 
A's 
All S's 
Add 
#1 
Detay Time 


Sumin 
to A = B 
1\0 
A-B 
All S's 
Cn 
Sub 
#2 
Delay 
Time 
Remaining 
A's 


Sumin 
to Sumout 
All S's 
Any F 
Exclusive 
Delay 
Time 
All A's 
M 
OR 
#2 
(Logic 
Mode) 


.• Low 
for 


all outputs 
except 
Cn+4 


A2 
1 


A3 


60 
61 


62 
63 


High for 
Cn 


all outputs 
MC 
except 
Cn+4 


VSS 


TPout 
Iq 


See AC Test 


Setup 


Reference 


Table 


Load A 


Load A 


Load A 


Load A 


Load A 


Load A 


Load A 


Load A 


FO 
F1 
F2 
F3 


A==B 


Cn+4 


G 
p 


TPout 
Iq 
FO 
Load A 


F1 
Load A 


F2 
Load A 


F3 
Load A 


A-6 
Load A 
62 
DutY Cycle = 50% 
63 
Cn+4 
Load A 


G 
Load A 
TPin 


Cn 
p 
Load A 
MC 


BLOCK DIAGRAM 
BLOCK DIAGRAM 


(ACTIVE 
LOW) 
(ACTIVE 
HIGH) 


FunctIon 
4 
Select 


f nputs 
5 
5 


6 
6 


VOO 
""Pin 24 
I 


VSS: 
Pin 12 
FO 
FO 
23 
23 


Word A 
F1 
10 IOutput 
21 
F 1 
10 
21 
F2 
11 
Function 
F2 
11 
19 
19 


Wo'd BI 


F3 
13 
F3 
13 


22 
22 
14 
B 
14 
Comparison 
Output 
A=B 
20 
20 


Cn+4 
16 
R Ippte Carry 
Output 
16 


1B 
1B 
G 
17 
} Look Ahead 
G 
17 
Carry 
In 
Carry 
Outputs 
Mode 
Control 
p 
15 
Me 
15 


FUNCTION 
SELECT 


535251 
SO 


L 
L 
L 
L 


L 
L 
L 
H 


L 
L 
H 
L 


L 
L 
H 
H 


L 
H 
L 
L 


L 
H 
L 
H 


L 
H 
H 
L 


L 
H 
H 
H 


H 
L 
L 
L 


H 
L 
L 
H 
H 
,_ 
H 
L 


H 
L 
H 
H 
H 
H 
L 
L 


H 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 


LOGIC 


FUNCTION 
(MC: HI 


A 
AB 


A+S 
Logic 
.. , •. 


A+B 
B 


A 0 B 
A+e 
AB 


A 0 
B 


B 
A+B 


Logic "0" 
Ai! 
AB 


A 


ARITHMETIC· 


FUNCTION 
{MC: 
L, Cn : LI 


A 
minus 
1 


AS 
minus 
1 


AS 
minus 
1 


A plus (A+B) 


AS 
plus (A+BI 


A minus B minus 
1 


A+S 


A plus (A+B) 


A plus B 


AS 
plus (A+B) 


A+B 


A plusA 


AS plus A 


AS 
plus A 


A 


LOGIC 


FUNCTION 


{MC: HI 


A 
A+B 
AB 
Logic "0" 
AB 
B 


A 0 
B 


Ai! 


A+B 
A""0B 


B 
AB 


Logic 
"'" 
A+B 
A+B 


A 


ARITHMETIC· 
FUNCTION 
(MC : L, Cn: 
HI 


A 
A+B 
A+B 


A plusAB 


(A+B) 
plus AS 


A minus 
B minus 
1 


AS 
minus 
1 


A plus AS 


A plus B 


(A+8) 
plus AS 


AS 
minus 
1 


A plusA 


(A+B) 
plusA 


IA+B) 
plus A 


A 
minus 
1 


@ MOTOROLA 


The MC14582B is a CMOS look-ahead carry generator capable of 


anticipating 
a carry across four binary adders or groups of adders. 


The device is caseadable to perform full look-ahead across n-bit ad- 
ders. 
Carry, generate-carry, and propagate-carry functions are pro- 


vided asenumerated in the pin designation table shown below_ 


• 
Quiescent Current = 5_0nA/package typical 
@ 5 Vdc 
• 
High Speed Operation - 
140 ns typical @ VDD = 10 Vdc 


(from Data-in to Carry-outl 
• 
Expandable to any Number of Bits 
• 
Noise Immunity 
= 45% of VDD typical 


• 
All Buffered Outputs 


• 
Low Power Dissipation 
• 
Diode Protection on All Inputs 
• 
Supply Voltage Range~ 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-Power TTL Loads, One Low-power 
Schottky 
TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC Supply 
Voltage 
VDD 
-0.510 +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 


CLlC? 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


LOGIC 
eQUATIONS 


Cn+x 
= GO + ('Pb. 
Cn) 


Cn+y 
= G1 + (Pi- 
GO)+ (Pi-po. 
Cn) 
Cn+z 
""G2 + (P2 • ffil 
+ (P2 
• 'P"1 • GO) + (P2 • 'P"1 • po. Cn) 
G = G3 + (P3 • G21 + (P3 • P2 • Gi) 
+ (Pi • P2 • P3 • GO) 


p=P'3eP'2.Pi-P'O 


DESIGNATION 
PIN NO·, 
FJNCTION 


GO,Gi,G2,G3 
3.1,14,5 
Active-Low 


Carry-Generate 
Inputs 


PO,P l,P2,P3 
4,2,15,6 
Active-Low 


Carry.Propagate 
Inputs 


Cn 
13 
Carry 
Input 


Cn+x' 
Cn+v 
12.11,9 
Carry 
Outputs 


Cn+z 


G 
10 
Active-Low 
Group 
Carry-Generate 
Output 


p 
7 
Active-Low 
Group 


Carrv·Propagate 
Output 


MC14582B 


~rrt1!1118 
JI~V 
U ~,.rwnl~~~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


",,,m.r,.".. 
0••••• 
L L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


II 


Voo 
Tlow . 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Ou tpu t Vol 
tage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin"""' 
VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin """"' 
a or Voo 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 
(VO 
c 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 09.0 
or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" level 
VIH 


(VO 0 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUep 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
± 0.1 
to.OOOOl 
to.l 
± 1.0 
IJAdc 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
± 0.3 
- 
to.ooool 
10.3 
- 
t 1.0 
IJAdc 


Input 
CapaCitance 
Gin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(V in = 01 


Ouiescent 
Current 
tAL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
~Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUIescent 
Current 
(CUe? 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
.uAdc 


(Per 
Packagel 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Curren 
t· • t 
IT 
5.0 
IT = 11.4 ~A/kHl) 
f + 100 
/JAde 


(DynamiC 
plus 
Quiescent, 
10 
IT = (2.8 ~A/kHll 
t + 100 


Per 
Package) 
15 
IT = 14.3 ~A/kHl) 
f + 100 


(el 
= 50 
pF- on all outputs, 
all 


buffers 
switching) 


4Tlow 
= -55°C 
for 
AL 
Device, 
-40oC 
for CLlCP 
Device. 


Thigh 
= +1250C 
for 
AL 
Device. 
+850C 
for CLlCP 
Device 
. 


.:::Noise Immunity 
spedfied 
for 
worst·case 
input 
combination. 


NOise 
Margin 
for 
both" 
1" and 
"0" 
level 
= 1.0 
Vdc 
min 
@ VOD 
= 5.0 
Vdc 
2.0 Vdc min@ Voo 
= 10 Vdc 


2.5 
Vdc 
min@ 
VDD 
= 15 Vdc 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 
pF: 


ITleL' 
= IT(50 pFI + 5 x 10-3 ICL -501 Voof 


where: 
IT 
is in IJA 
(per 
package), 
CL 
in pF, 
VDD 
in Vdc, 
and 
f in kHz 
is input 
frequency. 


4 4The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only 
at 25°C. 


This 
device 
contains 
circuitry 
to 
protect 


the 
inputs 
against 
damage 
due 
to 
high 
static 
voltages or electric 
fields; however, 


it 
is advised 
that 
normal 
precautions 
be 
taken 
to avoid 
application 
of any voltage 


higher 
than 
maximum 
rated 
voltages 
to 


this 
high 
impedance 
circuit. 
For 
proper 


operation 
it is recommended 
that Vin and 


Vout 
be constrained 
to 
the 
range Vss 
'" 


(Vin or Vout) 
'" VOO' 


Unused 
inputs 
must always 
be tied to an 


appropriate 
logic voltage IltVel (e.g., either 


VSS or VODI. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Rise Time 
tTLH 
ns 


tTLH 
= (3.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 


tTLH 
= (1.5 ns/pF) CL + 15 ns 
10 
- 
90 
180 


tTLH 
= (1.1 ns/pF) CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL 
= (1.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTHL 
= 10.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
tTHL 
= 10.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH, 
ns 


tpLH, 
tpHL 
= (1.7 ns/pF) CL + 260 ns 
tpHL 
Clock to Q 
- 
345 
690 
tpLH, 
tPHL 
= (0.66 ns/pF) CL + 107 ns 
10 
- 
140 
280 
tpLH 
tpHL 
= (0.5 ns/pF) CL + 85 ns 
15 
- 
110 
220 


CLI 


CLI 
= 


CLX = 
CLX 
- 


CL~ 
- 


AC PATHS 
DC DATA 


INPUT 
OUTPUT 
To VSS 
ToVOD 


PO 
P 
RemaIning 
G', 
P's, Cn 


GO 
G 
P'" 
Cn 


RemaInIng 
ch 


Cn 
Cntx' 
Cntv 
P's 
ch 
Cn+l 


See 
Voo 


Test 
V,n 


Table 
VSS 


VOH 


Vout 


® MOTOROLA 


The 
MC145838 
is a dual Schmitt 
trigger 
constructed 
with 
com- 


plementary 
P-channel 
and 
N-channel 
MOS devices 
on a monolithic 
silicon 
substrate. 
Each 
Schmitt 
trigger 
is functionally 
independent 
except 
for a common 
3-state 
input 
and an internally-connected 
Ex- 


clusive 
OR 
output 
for use in line receiver 
applications. 
Trigger 
levels 
are adjustable 
through 
the 
positive, 
negative, 
and common 
terminals 
with 
the 
use of external 
resistors. 
Applications 
include 
the speed-up 
of 
a slow waveform 
edge 
in interface 
receivers, 
level detectors, 
etc. 


• 
Quiescent 
Current 
= 0.5 nA/package 
typical 
@ 5 Vdc 


• 
Schmitt 
Trigger 
Input 
Noise Immunity 
= 60% of VDD Typical 


• 
Diode 
Protection 
on All Inputs 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Single Supply 
Operation 


• 
Capable 
of Driving 
Two 
Low-power 
TTL 
Loads, 
One Low-power 
Schottky 
TTL 
Load 
or Two 
HTL Loads Over the Rated 
Temper- 
ature 
Range 


• 
Resistor 
Adjustable 
Trigger 
Levels 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VOO 
-0.5 
to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage Temperature 
Range 
Tstg 
-65 to +150 
°c 


Positive 
82 
2 
3 
1 Common 
B 


Negative 
e 


MC14583B 


qtIIII1IfffJ5fIIIIIIa 
J.~~ 
u u 1.~l~ ~~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


." ••m 1l;SUffiX 
Denotes 


L 
Ceramic 
Package 


P 
Plastic Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


Apos 
ANeg 
ACom 


Ain 
Aout 
Aout 


Bout 


Bin 
Bout 


Bpos 
SNag 
Beom 


INPUTS 
OUTPUTS 


A 
8 
tm 
Aout 
Aou• 
Bou• 
Bou• 
0 


0 
0 
0 
0 
A 
0 
A 
0 


0 
0 
1 
0 
1 
0 
1 
0 


0 
1 
0 
0 
A 
1 
A 
1 


0 
1 
1 
0 
1 
1 
0 
1 


1 
0 
0 
1 
A 
0 
A 
1 


1 
0 
1 
1 
0 
0 
1 
1 


1 
1 
0 
1 
A 
1 
A 
0 


1 
1 
1 
1 
0 
1 
0 
0 


II 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin"'VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin ~ 0 or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage" 
A and B 
"0" Level 
V,L 
Vdc 


(VO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 VdcJ 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" Level 
V,H 


(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
'OH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = .1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP Device) 
'OH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH = 4.6 VdcJ 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 VdcJ 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


• (VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
±0.1 
- 
±0.00001 
±O.1 
- 
± 1.0 
j.l.Adc 


Input Current ICLlCP Device) 
lin 
15 
- 
± 0.3 
- 
±0.00001 
±O.3 
- 
± 1.0 
j.l.Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 0) 


Quiescent Current (AL Devicel 
100 
5.0 
- 
0.05 
- 
0.0005 
0.05 
- 
1.5 
).lAde 


(Per 
Package) 
10 
- 
0.10 
- 
0.0010 
0.10 
- 
3.0 
15 
- 
0.20 
- 
0.0015 
0.20 
- 
6.0 


Quiescent Current ICLlCP Device) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
3.8 
,/.JAde 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
9.5 


15 
- 
4.0 
- 
0.0015 
4.0 
- 
15 


Total Supply Current •• t 
IT 
5.0 
'T = (1.33 ~A/kHzl 
f + 100 
J,lAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = 12.65 ~A/kHzl 
f + 100 


Per 
Package) 
15 
'T 
= (3.98 ~AlkHzl 
,+ 
100 


(eL -= 50 pF on all outputs, all 
buffers switching) 


Three-State Leakage Current 
'TL 
15 
- 
±0.1 
- 
,0.00001 
± 0.1 
- 
±3.0 
~Adc 
(AL Device) 


Three-State Leakage Current 
'TL 
15 
- 
±,.o 
- 
'0.00001 
1:1.0 
- 
± 7.5 
~Adc 


ICLlCP Device) 


·Tlow 
= -SSoC for AL Device, -40oC for CLlCP Device. 
Thigh = +12SoC for AL Device, +8SoC for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 


Noise Margin for both "1" and "0" level = 1.0 Vdc min @ VOO 
'" 5.0 Vdc 


2.0 Vdc min@ VOO 
= 10 Vdc 


2.5 Vdc min @ VOO 
= 15 Vdc 
tTo calculate total supply current at loads other than SOpF: 


ITICLI 
= ITI50 pF) + 5 x 10-3 lCL -501 VOO' 
where: IT is in ~A (per package), CL in pF, VOO in Vdc. and f in kHz is input frequency. 
··The 
formulas given are for the typical characteristics only at 2SoC. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
'TLH 
ns 


'TLH: 
(3.0 ns/pFI 
CL T 30 ns 
5.0 
- 
180 
360 


'TLH 
= (1.5 ns/pFI 
CL + 15 ns 
10 
- 
90 
180 


'TLH 
= (1.1 ns/pFI 
CL + 10 ns 
15 
- 
65 
130 


Output 
Fall Time 
'THL 
ns 


'THL 
= 11.5 ns/pFI 
CL + 25 ns 
5.0 
- 
100 
200 


'THL: 
(0.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


'THL 
= 10.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
'pLH. 
ns 


Ain. Bin to Aout• Bout 
'pHL 


'pLH.'PHL 
= (1.7 ns/pFI 
CL + 565 ns 
5.0 
- 
650 
1300 


'pLH.'pHL 
= 10.66 ns/pFI 
CL + 197 ns 
10 
- 
230 
460 


'pLH,IPHL' 
10.5 ns/pFI 
CL + 125 ns 
15 
- 
150 
300 


Ain. Bin to Aout, 
Bout 
'pLH. 
ns 
'pLH,IPHL 
= 11.7 ns/pFI 
CL + 1015 ns 
'pHL 
5.0 
- 
1100 
2200 


'pLH. 
'pHL 
: 10.66 ns/pFI 
CL + 347 ns 
10 
- 
380 
760 


'pLH.'PHL: 
10.5 ns/pFI 
CL + 235 ns 
15 
- 
260 
520 


Ain. Bin to Exclusive OR 
'PLH. 
ns 


'pLH. 
'pHL 
= 11.7 ns/pFI 
CL + 665 ns 
'pHL 
5.0 
- 
750 
1500 


'pLH.'pHL 
= 10.66 ns/pFI 
CL + 257 ns 
10 
- 
280 
560 


'PLH.'PHL 
= 10.5 ns/pFI 
CL + 145 ns 
15 
- 
170 
340 


3-State Enable, Disable Delay Time 
(see figure 5) 
ton. 
ns 


ton. toff "" (1.7 ns!pFI CL + 140 ns 
toft 
5.0 
- 
225 
450 


Ion. 
'oft' 
(0.66 ns/pFI 
CL + 57 ns 
10 
- 
90 
180 


Ion. 
'off 
= 10.5 ns/pF 
I CL + 30 ns 
15 
- 
55 
110 


Positive Threshold Voltage 
Vp 
5.0 
3.30 
Vdc 


lR1, R2 = 5.0 knl 
10 
- 
5.70 
- 


15 
- 
8.20 
- 


Negative Threshold Voltage 
VN 
5.0 
- 
1.70 
- 
Vdc 
lR1. R2: 
5.0 kill 
10 
- 
4.30 
- 


15 
- 
6.80 
- 


Hysteresis \/oltage 
VH 
5.0 
0.85 
1.70 
3.40 
Vdc 
lR1. R2 = 5.0 kill 
10 
0.70 
1.40 
2.80 


15 
0.70 
1.40 
2.80 


Threshold 
Vohage Variation. 
A to B 
6VT 
5.0 
- 
0.1 
- 
Vdc 
lRl. 
R2: 
5.0 kill 
10 
- 
0.15 
- 


15 
- 
0.20 
- 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 


vised that normal precautions be taken to avoid application 
of any voltage higher than maximum 
rated voltages to this high im- 


pedance circuit. 
For proper operation 
it is recommended 
that Vin and Vout 
be constrained 
to the range VSS 
C; (Vin or Voutl 


';;VOO· 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either VSS or VODL 


VDD 
Vout 


VDD 


VSS 
Ain 
11 


SW1 


Dis 


Bin 
Bout 
SW2 


Vss 


OUTPUT 
SOURCE 
OUTPUT 
SINK 


CHARACTERISTICS 
CHARACTERISTICS 


VT:~~E {~~~: 
~~~~ 
Voa 
:;~:Ej ~~~ ~~~~ 


OUTPUT 
SWITCH POSITION 
SWITCH POSITION 


UNDER 
TEST 
SWI 
SW2 
SWI 
SW2 


Aout. 
Bout 
1 
I 
2 
2 


Aout. 
Bout 
2 
2 
I 
I 


EKCluslyeOR 
I 
2 
I 
I 


fout.Aln~ 


fout. 
Bin 


FIGURE 3- 
TYPICAL THRESHOLD POINTS 


A - 
Feedback 
scheme for independent 
threshold 
adjustment: 
80 


Al 


Po.;tIV.~ 


Common 


A2 
Negative 


Po.ltlve :==:3 
Al 
Common 


Negative 


C 70 
'"> 
'"~ 
60 
~ 
'" 


sO 
0 
'"~ 40 
w 
"''" 
•...~ 30 
~ 
0::> 
20 
•... 


10 
10 20 
40 6 a 100 


1 
VSS· 0 


___ 
VOO·S.OV 


---VOO·l0V 
~7 ~ ~~IIYO,o,= :S,~ 


1.0k 
10k 
lOOk 
1.0M 


RI. 
R2. RESISTANCE 
(OHMS) 


@ MOTOROLA 


The MC14584B hex Schmitt 
Trigger is constructed with 
MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic 
structure. 
These devices find 
primary 
use where low 
power 
dissipation 
and/or 
high 
noise immunity 
is desired. The 
MC14584B may be used in place of the MC14069B hex inverter for 
enhanced noise immunity 
or 
to 
"square 
up" 
slowly 
changing 
waveforms. 


• 
Quiescent Current = 0.5 nA typ/pkg 
@ 5 Vdc 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-Power TTL Loads, One Low-Power 
Schottky TTL 
Load or Two HTL Loads Over the Rated Temper- 
ature Range 


• 
Double Diode Protection on All Inputs 


• 
Pin-far-Pin Replacement for CD40106B and MM74C14 


• 
Can Be Used to Replace MC14069B 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VD D + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 
to +125 
°c 


CLlCP 
Device 
-40 to +85 


Storage 
Temperature 
Range 
T 5t9 
-65 to +'50 
°c 


This device contains circuitry 
to protect the inputs against damage due to high 


static 
voltages 
or 
electric 
fields; 
however, 
it is advised 
that 
normal 
precautions 
be 


taken 
to 
avoid 
application 
of 
any 
voltage 
higher 
than 
maximum 
fated 
voltages 
to 


this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range VSS" 
(Vin or Vout) '" VOO' 
Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., 


either VSS or Vool. 


MC14584B 


HEX 
SCHMITT 
TRIGGER 


~ 
•••• 
,.r~u 
~ ,.rm~lij 
ij 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


MC'4XXXB ~SU~fiXce::i:t::Ck.9. 


t= P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


5~6 


9~8 


11~10 


13~12 


1.111:0110 
-- 
... " 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
TVp 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vdc 


Vi" 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
c::: OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 


(VO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 


(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CUe? 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL" 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
Ii" 
15 
± 0.1 
to.OOOOl 
±O.l 
± 1.0 
j.lAdc 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
± 0.3 
- 
to.OOOOl 
± 0.3 
- 
± 1.0 
J.lAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 
(V;n = 0) 


Quiescent Current 
(AL Device) 
100 
5.0 
0.25 
0.0005 
0.25 
7.5 
.uAde 


(Per 
Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 


15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent 
Current 
(CUe? 
DeVice) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
J.JAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 


15 
- 
4.0 
- 
0.0015 
4.0 
- 
34 


Total Supply Current·· 
t 
IT 
5.0 
IT" 
(1.8IlA/kHz) 
1+ 100 
jJ.Adc 


(Dynamic 
plus 
Ouiescent, 
10 
IT = (3.6 llA/kHz) 
I + IDO 


Per Package) 
15 
IT = 15.4 llA/kHzl 
1+ 100 


(CL 
== 50 
pF on all outputs, 
all 


buffers 
switching) 


Hysteresis 
Voltage 
VHt 
5.0 
0.27 
1.0 
0.25 
0.55 
1.0 
0.21 
1.0 
Vdc 


10 
0.36 
1.3 
0.30 
0.70 
1.2 
0.25 
1.2 


15 
0.77 
1.7 
0.60 
1.1 
1.5 
0.50 
1.4 


Threshold 
Voltage 


Positive-Going 
VT+ 
5.0 
1.9 
3.5 
1.8 
2.7 
3.4 
1.7 
3.4 
Vdc 


10 
3.4 
7.0 
3.3 
5.3 
6.9 
3.2 
6.9 


15 
5.2 
10.6 
5.2 
8.0 
10.5 
5.2 
10.5 


Negative·Going 
VT_ 
5.0 
1.6 
3.3 
1.6 
2.1 
3.2 
1.5 
3.2 
Vdc 


10 
3.0 
6.7 
3.0 
4.6 
6.7 
3.0 
6.7 


15 
4.5 
9.7 
4.6 
6.9 
9.8 
4.7 
9.9 


*Tlow = -SSoC 
for AL Device, 
-40°C 
for CL!CP 
Device. 


Thigh 
- +12SoC 
for AL Device, 
+850C 
for CLlCP 
Device. 


NNoise 
immunitY 
specified 
for worst-case 
input combination. 


Noise 
Margin for both 
"1" and "0" 
level:: 


1.0 Vdc min @VOO = 5.0 Vdc 
2.0 Vdc min@VOO: 
10 Vdc 
2.5 Vdc min @ VOO = 15 Vdc 


tTo 
calculate 
total 
supg!y 
current 
at loads 
other 
than SO pF: 


IT (CL) " IT (50 pFI + 1 x 10-3 
(CL -501 VOO' 


where: 
IT is in IJA (per package), 
CL in pF. VDO 
in Vdc. 


and f in kHz is input 
frequency. 


··The 
formulas 
given are for the typical 
characteristics 
only 
at 2SoC. 


4VH :: VT+ - VT _ (But 
maximum 
variation 
of VH is specified 
as 


less than VT + max - VT - minL 


Voo 
Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output 
Rise Time 
tTLH 
5.0 
- 
100 
200 
ns 


10 
- 
50 
100 


15 
- 
40 
80 


Output 
Fall Time 
tTHL 
5.0 
- 
100 
200 
ns 


10 
- 
50 
100 


15 
- 
40 
80 


Propagation 
Delay Time 
tpLH. 
tPHL 
5.0 
- 
125 
250 
n, 


10 
- 
50 
100 


15 
- 
40 
80 


20 os 


voo 
'4 
Input 
Voo 


VSS 


VSS 
r 


CL 
VOH 


Output 


VOL 


Vln~Vout 


VH-------------VOO 
l-_~--~ 
T-/,--~:-- 
--1---1----1-- 
VSS 
I 
I 
I 


I 
I 
I 


I 
I 
I 
I 
I 
I 
I 


VT- 
VT+ 
----l 
VH f-- 


Vin. 
INPUT 
VOLTAGE 
(Vdc) 


® MOTOROLA 


The MC145858 4-Bit Magnitude Comparator is constructed with 


complementary MOS (CMOS) enhancement mode devices.The cir- 
cuit has eight comparing inputs (A3, B3, A2, B2, A 1, B1, AD, BO), 
three cascading inputs (A<8, 
A=B, and A>B), 
and three outputs 


(A<B, A=B, and A>B). 
This device compares two 4-bit words (A 


and B) and determines whether they are "less than", "equal to", or 
"greater than" by a high levelon the appropriate output. For words 
greater than 4-bits, units can be cascaded by connecting outputs 
(A<B), 
and (A=B) to the corresponding inputs of the next signifi- 
cant comparator (input A>B 
is connected to a high). Inputs (A<B), 
(A=B), and (A>B) on the leastsignificant (first) comparator are con- 
nected to a low, a high, and a high, respectively. 
Applications 
include logic in CPU's, cbrrection and/or detection 


of instrumentation conditions, comparator in testers, converters, and 
controls. 


• 
Diode Protection on All Inputs 


• 
Noise Immunity = 45% of VDD typical 


• 
High Fanout> 
50 
• 
Quiescent Current = 5.0 nA/package typical 
@ 5 Vdc 


• 
Expandable 


• 
Applicable to Binary or 8421-BCD Code 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TTL Loads, One Low-power 
Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
ature Range 


Rating 
Symbol 
Value 
Unit 


DC 
Supply 
Voltage 
VDD 
-0.5 to +18 
Vdc 


Input 
Voltage. 
All 
Inputs 
Vin 
-0.5 to VDD + 0.5 
Vdc 


DC 
Current 
Drain 
per 
Pin 
I 
10 
mAde 


Operattng 
Temperature 
Range 
- 
AL Device 
TA 
-55 to +125 
DC 


CLlCP 
Device 
-40 
to +85 


Storage 
Temperature 
Range 
T st9 
-65 to +150 
DC 


INPUTS 
OUTPUTS 
COMPARING 
CASCADING 


A3.B3 
A2, B2 
AI. 
BI 
AO. BO 
A<B 
A=B 
A>B 
A<B 
A=B 
A>B 


A3>S3 
x 
x 
X 
X 
X 
1 
0 
0 
1 


A3=B3 
A2>B2 
X 
X 
X 
X 
1 
0 
0 
, 


A3=B3 
A2-82 
Al>Bl 
X 
X 
X 
1 
0 
0 
1 


A3=B3 
A2=B2 
Al-Sl 
AO>80 
X 
X 
1 
0 
0 
1 


A3=B3 
A2-B2 
Al=Bl 
AO-BO 
0 
0 
1 
0 
0 
1 


A3=B3 
A2""B2 
Al=Bl 
Ao..,eo 
0 
1 
1 
0 
1 
0 


A3""B3 
A2-B2 
Al-Sl 
AQ-BO 
1 
0 
1 
1 
0 
0 


A3""B3 
A2=B2 
Al-Sl 
AO<eO 
X 
X 
X 
1 
0 
0 


A3:B3 
A2-B2 
Al<Bl 
X 
X 
X 
X 
1 
0 
0 


A3=B3 
A2<B2 
X 
X 
X 
X 
X 
1 
0 
0 


A3<B3 
X 
X 
X 
X 
X 
X 
1 
0 
0 


MC145858 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


MC14XXX8 
~SU~fi:.::i:t::Ck.ge 


L P 
Plastic 
Package 
A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


BLOCK DIAGRAM 


4 
(A>B)in 


6 
(A=B)in 


5 
(A<B1in 
(A>B)out 
13 


10 
AO 


11 
80 


A1 
tA=Blout 
3 


81 


A2 


82 
(A<B)out 
12 


15 
A3 


14 
83 


VOO 
== Pin 16 


VSS 
= Pin 
8 


Voo 
Tlow. 
25°C 
Thi h* 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
=' VOD ora 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
=' 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage# 
"0" Level 
VIL 
Vdc 


(VO = 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
, .5 


1VO = 9.0 0' 
1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.50,1.5 
Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


1VO = 0.5 0,4.5 
Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.00< 
9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.50' 
13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH = 4.6 Vdc) 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


IVOH 
= 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
10H 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


1VOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


1VOH = 13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
09 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
± 0.1 
- 
±0.00001 
±0.1 
± 1.0 
/-lAde 


Input 
Current 
ICLlCP 
Device} 
lin 
15 
- 
± 0.3 
- 
±0.00001 
± 0.3 
- 
± 1.0 
IJAdc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


.IV;n 
= 0) 


Quiescent 
Current 
(AL 
DeVice) 
100 
5.0 
5.0 
0.005 
5.0 
150 
IJAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CLlCP Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/-JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT = 10.6 "A/kHz) 
, + 100 
J.JAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT = 11.2 "A/kHzI 
, + 100 
Per Package) 
15 
IT = 11.8 "A/kHz) 
, + 100 


(CL 
"" 50 pF on all outputs, 
all 


buffers 
switching) 


-T low = -55°C 
for AL Device, -40oC 
for C LlCP Device. 


Thigh = +1250C 
for AL Device, +850C for CLlCP 
Device. 
b:Noiseimmunity 
specified for worst·case input combination. 
NOiseMargin for both "1" and "0" 
level = 1.0 Vdc min @ VDO 
= 5.0 Vdc 
2.0 Vdc min @ VDD 
= 10 Vdc 
2.5 Vdc m;n@ 
VOO 
= 15 Vdc 


tTo calculate total supply current at loads other than 50 pF: 


ITICL) 
= ITI50 pFI + 1 x 10-3 
(CL -50) 
VOO' 


where: IT is in IJA (per package), CL in pF. VDO in Vdc, and f in kHz is input frequency. 


--The 
formulas given are for the typical characteristics only at 2SoC. 


Characteristic 
Symbol 
VOO 
Min 
Typ 
Max 
Unit 


Output Aise Time 
'TLH 
ns 
tTLH 
= 13.0 ns/pF) CL + 30 ns 
5.0 
- 
180 
360 
'TLH 
= 11.5 ns/pFJ CL + 15 ns 
10 
- 
90 
180 
tTLH 
= (1.1 ns/pFJ CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
'THL 
ns 
tTHL 
= 
(1.5 ns/pFI CL + 25 ns 
5.0 
- 
100 
200 


'THL 
= 
10.75 ns/pFJ CL + 12.5 ns 
10 
- 
50 
100 
tTHL 
= 
10.55 ns/pFJ CL + 9.5 ns 
15 
- 
40 
80 


Turn-Off 
Delay Time 
'PLH, 
ns 
'pLH, 
'pHL 
= (1.7 ns/pFI CL + 345 ns 
'pHL 
5.0 
- 
430 
860 
'PLH, 
'pHL 
= 10.66 ns/pFJ CL + 147 ns 
10 
- 
180 
360 
'PLH, 
'PHL 
= 10.5 ns/pFI CL + 105 ns 
15 
- 
130 
260 


J(JE 


20ns 


20 ns 


Voo 


A3 
.!. 
------- 
Vss 


f 
~-Voo 


B3~ 
"--VSS 


(A"'B)out 
~r'\~_ 


~-VOH 


(A<B)out~ 
"--VOL 


(A>Bl 
out J\~ 
_ 


I nputs 
(A> 
B) and (A=8) 
high, 
and inputs 
82, 
A2, 
B 1, A 1, 80, 
AO and (A< 
8) low 


f in respect 
to 
a system 
clock. 


This device contains circuitry 
to protect the inputs against damage due to high static voltages or electric fields; however, it is ad- 


vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im- 
pedance circuit. 
For proper operation it is recommended that Vin and Vout be constrained to the range Vss 
" 
(Vin or Vout) 


';;VOO· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOO>' 


WOAD 
B= 
Bll 
Bl0 
B9 
88 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 


~~AO 
All 
A10 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 
VOO 


OJ 
OJ 
OJ 


V 
" 
1\ 
~ ~ ~ 
Outputs 


Output 
en 
en 
en 


V 
• 
" 
~ ~ ~ 


VOO 


Ain 
Aout 


Aout 


Dis 
0 


Bout 


Bin 


- 
-,--VOH, 


----VOL 


-- 
-,--VOH 
/ 
/---VOL 


VDD 
VDD 


Pulse 
t 


Generator 
1 
Ain 
Aout 
Aout 
Pulse 
Dis 
0 
ryJSW 
Generator 
2 


Bout 


Bin 
Bout 
rF 
VSS 


TEST 
SWITCH POSITION 


ton HL 
, 


ton 
LH 
2 


toff 
HL 
2 


toff 
LH 
, 


® MOTOROLA 
MC14597B 
MC14598B 


8-BIT, 
BUS-COMPATIBLE 
THREE-STATE 
LATCHES 


Internal 
Counter 
- MC14597B 
Binary 
Address 
- 
MC14598B 


The 
MC14597B 
and 
MC1459BB 
are B-bit latches. 
one addressed 
with 
an 
internal 
counter 
and 
the 
other 
addressed 
with 
an external 
binary 
address. 
The 
8 latch-outputs 
are high 
drive, 
three-state 
and 


bus 
line 
compatible. 
The 
drive capability 
allows 
direct 
applications 


with 
MPU systems 
such as the Motorola 
6800 
family. 


With 
MC14597B, 
a 3-bit 
address 
counter 
(clocked 
on the falling 
edge 
of 
Increment) 
selects 
the 
appropriate 
latch. 
The 
latches 
of 
the 
MC14598B 
are accessed 
via the· Address 
pins, 
AD. A 1, and A2. 


A Full 
Flag 
is provided 
on the 
MC14597B 
to indicate 
the 
position 
of the Address 
counter. 


All 
8 outputs 
from 
the 
latches 
are 
available 
in 
parallel 
when 
Enable 
is in the 
low 
state. 
Data 
is entered 
into 
a selected 
latch 
from 
the 
Data 
pin when 
the 
Strobe 
is high. 
Master 
reset 
is available 
on both 
parts. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


• 
Serial 
Data 
Input 
• 
Three-State 
Bus Compatible 
Parallel 
Outputs 
• 
Three-State 
Control 
Pin (Enable) 
TTL Compatible 
Input 
• 
Open 
Drain FUii Flag (Multiple 
Latch 
Wire·O Ring) 
• 
Master 
Reset 
• 
Level Shifting 
Inputs 
on All Except 
Enable 
• 
Noise Immunity 
- 45% of VDD Typical 
• 
Diode Protection 
- All Inputs 
• 
Supply 
Voltage 
Range 
- 3.0 Vdc to 18 Vdc 
• 
Capable 
of Driving TTL Over Rated 
Temperature 
Range 
With Fanout 
as Follows: 
1 TTL 
Load 
4 LSTTL 
Loads 
9 LPTTL 
Loads 


..~ 
..- 
, 
, 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
680 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
707 


g:SU~fi:.r.:~::::·k.g. 
t= 
P 
Plastic 
Package 


A 
Extended 
Operating 


Temperatur. Range 
e 
Limited 
Operating 


Temperatur. 
Range 


1 
00 
IS 
01 
,. 
02 


Thr•• 
'3 
03 


12 
D. 
11 
OS 


'0 
D. 


9 
07 


Ff8Sa"t 


Date 


Strobe 
, 


17I. 


Thr.. 
15 
5Ut8 
14 
Output 
Buffar, 
13 
'2 


11 


Enable 
Outputs 
, 
High 
lmpedanc. 


0 
On 


• 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
V"" 
-0.5 to + 18 
Vdc 


Input Voltage, 
Enable 
Vin 
-0.5 to VOO +0.5 
Vdc 


Input Voltage, 
All Other Inputs 
Vin 
-0.5 to VOO +12 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range - 
AL Device 
TA 
-55to+125 
°c 
C LlCP Device 
-40 
to +85 


Storage Temperature 
Range 
TStQ 
-65to+150 
°c 


This 
device 
contains 
circuitry 
to 


protect 
the 
inputs 
against 
damage 
due to 


high 
static 
voltages 
or 
electric 
fields; 


however. 
it 
is advised 
that 
normal 
pre- 


cautions be taken 
to avoid application 
of 


any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high 
impedance 
circuit. 


For 
proper 
operation 
it is recommended 


that 
Vout 
be 
constrained 
to 
the 
range 


VSS <; IV outl 
<; VOO. 


Tlow. 
25°C 
Thigh· 
VOD 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
.Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin""VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin""oorVDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage# 
- 
Enable "a" Level 
VIL 
Vdc 


(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
0.8 
- 
1.1 
0.8 
- 
0.8 


(VO • 9.0 or 1.0 Vdcl 
10 
- 
1.6 
- 
2.2 
1.6 
- 
1.6 


(VO = 13.50< 1.5 Vdcl 
15 
- 
2.4 
- 
3.4 
2.4 
- 
2.4 


"1" 
Level 
VIH 
Vdc 


(VO = 0.5 or 4.5 Vdc) 
5.0 
2.0 
- 
2.0 
1.9 
- 
2.0 
- 


IVO • 1.0 or 9.0 Vdc) 
10 
6.0 
- 
6.0 
3.1 
- 
6.0 
- 


(V" 
= 1.5 or 13.5 Vdcl 
15 
10 
- 
10 
4.3 
- 
10 
- 


Input Voltage# 
- 
"0" 
Level 
VIL 
Vdc 


Other Inputs 


(VO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vdc 


(VO • 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdc) 
15 
11 
- 
11 
8.25 
- 
11 
- 


Output 
Drive Current 
Source 
IOH 
mAde 


(M-Sink 
Only) 


IVOH = 4.6 Vdc} 
5.0 
-1.0 
- 
-1.0 
-2.0 
- 
-1.0 
- 


(VOH = 9.5 Vdcl 
10 
- 
- 
- 
-6.0 
- 
- 
- 


(VOH = 13.5 Vdc) 
15 
- 
- 
- 
-12 
- 
- 
- 


(VOL' 
0.4 Vdc) 
Sink 
IOL 
5.0 
1.6 
- 
1.6 
3.2 
- 
1.6 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
- 
- 
- 
6.0 
- 
- 
- 


(VOL' 
1.5 Vdcl 
15 
- 
- 
- 
12 
- 
- 
- 


Input Current 
(AL Device) 
lin 
15 
- 
±0.1 
- 
±0.00001 
±0.1 
- 
±1.0 
IolAdc 


Input Current 
(CLlCP Device) 
lin 
15 
- 
±0.3 
- 
±0.00001 
±0.3 
- 
±1.o 
,uAdc 


Three-State 
Leakage Current 
ITL 
,uAdc 


(AL Device) 
15 
- 
±0.1 
- 
±O.OOOOI 
±0.1 
- 
±3.0 


(CL/CP Devicel 
15 
- 
±1.0 
- 
±0.00001 
±1.0 
- 
±7.5 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V in • 0) 


Quiescent Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,uAdc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(CLlCP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
~Adc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 


tTotal 
Supply Current at an 
IT 
5.0 
IT = 12.0 ~A/kHz)f 
+ IDO 
External 
Load Capacitance (CL) 
10 
IT = 14.0 ~A/kHz)f 
+ 100 


of 130 pF 
15 
IT = 16.0 ~A/kHz)f 
+ 100 


*Tlow"" 
-55°C 
for AL Device, -40°C 
for CLlCP 
Device. 
Thigh"" +1250C 
for AL Device, +850C 
for CLlCP 
Device. 


#Noise 
immunity 
specified for worst-case input combination. 
Noise Margin both "1" and "0" 
level"" 1.0 Vdc min @ VOO 
= 5.0 Vdc 


tThe 
formulas given are for the typical characteristics only at 2SoC. 
2.0 Vdc min @VDD 
:: 10 Vdc 


2.5 Vdc min@VDD 
= 15 Vdc 


Voo 
All Typos 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Output 
Rise and Fall Time 
'TLH. 
ns 
'TLH. 
'THL' 
10.5 ns/pF)CL 
+35 ns 
'THL 
5.0 
- 
100 
200 


'TLH. 
'THL· 
10.2 ns/pF)CL 
+25 ns 
10 
- 
50 
100 


'TLH. 
'THL' 
10.16 ns/pF)CL 
+20 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
ns 


Enable 
to Output 
'PLH. 
5.0 
- 
160 
320 
'PHL 
10 
- 
125 
250 
15 
- 
100 
200 


Strobe to Output 
5.0 
- 
200 
400 
ns 


10 
- 
100 
200 
15 
- 
80 
160 
- 
IMC145978 
only) 
5.0 
Strobe to Full 
- 
200 
400 
ns 


10 
- 
100 
200 
15 
- 
80 
160 
Reset to Output 
5.0 
- 
175 
350 
ns 


10 
- 
90 
180 
15 
- 
70 
140 


Pulse Width 
Enable 
'WH. 
5.0 
320 
160 
- 
ns 


'WL 
10 
240 
120 
- 


15 
160 
80 
- 


Strobe 
5.0 
200 
100 
- 
ns 


10 
100 
50 
- 


15 
80 
40 
- 


Increment (MC14597B 
only) 
5.0 
200 
100 
- 
ns 


10 
100 
50 
- 


15 
80 
40 
- 


Reset 
5.0 
300 
150 
- 
ns 


'0 
160 
80 
- 


15 
100 
50 
- 
Setup Time 


Data 
'su 
5.0 
100 
50 
- 
ns 


10 
50 
25 
- 


15 
35 
20 
- 


Address 
IMC14598B 
only) 
5.0 
200 
100 
- 
ns 


10 
100 
50 
- 


15 
70 
35 
- 
Increment (MC14591B 
only) 
5.0 
400 
200 
- 
ns 


10 
200 
100 
- 


15 
170 
85 
- 


Hold Time 
Data 
'h 
5.0 
100 
50 
- 
ns 


10 
50 
25 
- 
15 
35 
20 
- 
Address 
IMC14598B 
only) 
5.0 
100 
50 
- 
ns 


10 
50 
25 
- 
15 
35 
20 
- 


15 
01 
14 
02 


13 
03 


12 
04 


11 
05 


10 
06 


9 
D7 


50%~ 


'w 


·1.4 
V with 
VOO 
'" 5.0 
V 


NOTES: 
1. 
High-impedance 
output 
state 
(another 
device 
controls 
bus). 


2. 
Reset 
in High 
state. 


Enable 
4 
VSS 


I 
Each Latch 
L 
--..J 


·1.4 
V with 
VOO 
= 5.0 
V. 


NOTES 
1. High-impedance 
output 
state (another 
device controls 
bus). 


2. Output 
Load as for MC14597B. 


17 
D1 


16 
02 


15 
03 
14 
D4 
13 
05 
12 
06 
11 
D7 


Addressed 
Other 


Strobe 
Reset 
Latch 
Latches 


0 
1 
. 
. 


1 
, 
Data 
. 


X 
0 
0 
0 


Address 


Increment 
Enable 
~ 
Counter 
M 


~ 
X 
1 
Count Up 
- 


---l"" 
X 
, 
No Change 
- 


X 
, 
0 
Reset to Zero 
Set to One 


X 
0 
, 
No Change 
Set to One 


If at 
To Zero on 


X 
1 
, 
ADDRESS 
7 
Falling Edge 
of STROBE 


130 pFI 


Circuit 
diagrams external to or containing Motorola products 


are included asa meansof illustration 
only. Complete information 


sufficient 
for construction 
purposes may not be fully 
illustrated. 
Although 
the information 
herein has been carefully checked and is 
believed to 
be reliable. Motorola 
assumes no responsibility 
for 


inaccuracies. Information 
herein does not convey to the purchaser 


any license under the patent rights of Motorola or others. 


The information 
contained herem is for guidance only, wIth no 


warranty of any type, expressed or implied. Motorola reservesthe 
right to make any changes to the information 
and the product(s) 


to which the information 
applies and to discontinue manufacture 


of the product(s) at any time. 


® MOTOROLA 


The 
MC14099B 
and 
MC14599B 
are 
8·bit 
addressable 
latches. 
Data is entered 
in serial form 
when 
the appropriate 
latch 
is addressed 


(via address 
pins 
AO, A 1, A2) 
and 
write 
disable 
is in the 
low state. 


Chip 
enable 
must 
be 
high 
for 
writing 
into 
MC14599B. 
For 
the 
MC14599B 
the 
data 
pin 
is a bidirectional 
data 
port 
and 
for 
the 


MC14099B 
the 
input 
is a unidirectional 
write 
only 
port. 
The Write/ 


Read line controls 
this port 
in the MC14599B. 
The 
data 
is 
presented 
in 
parallel 
at 
the 
output 
of 
the 
eight 


latches 
independently 
of 
the 
state 
of 
Write 
Disable, 
Write/Read 


or Chip 
Enable. 
A Master 
Reset 
capability 
is available 
on both 
parts. 


• 
Serial 
Data 
Input 


• 
Parallel 
Output 


• 
Low Input 
Capacitance 
- 
5.0 pF typical 


• 
Master 
Reset 


• 
Noise 
Immunity 
- 45% of VDD typical 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two 
Low·Power 
TTL 
Loads, 
One 
Low·Power 


Schottky 
TTL 
Load or Two 
HTL 
Loads over the 
Rated 
Temperature 
Range 


• 
MC14099B 
pin for pin compatible 
with 
CD4099B 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +18 
Vdc 


Input 
Voltage, 
All 
Inputs 
Vin 
-0.5 to VOO + 0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAde 


Operating 
Temperature 
Range 
- 
AL 
Device 
TA 
-55 to +125 
°c 


CLlCP 
Device 
-40 
to +85 


Storage Temperature 
Range 
Tstg 
-65 '0 +150 
°c 


Ch,p Enable 
S 
" 
Wrlte/R.ad 
. 
" 
W"leO,sable 
J 
" 


00 


Oall 
a> 
" 
0' 
" 
OJ 
" 
., 
,s 
O' 
., 
" 


a' 
, 
as 


0' 


MC145998 


For Complete 
Data See 


MC14099B 


a·BIT ADDRESSABLE 
LATCH 


WITH BIOIRECTIONAl 
PORT 


l SUFFIX 
CERAMIC 
PACKAGE 


CASE 
680 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
707 
.",,,,, 
r,.".. 
0•••••• 


L L 
Ceramic 
Package 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 
Temperature 
Range 


This 
device 
contains 
circuitry 
to 
protect 


the inputs against damage due to high static 
voltages 
or 
electric 
fields; 
hOVlJever. it 
is 


advised that 
normal 
precautions 
be taken 
to avoid application 
of any voltage higher 


than 
maximum 
rated voltages to this high 


impedance circuit. 
For proper operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 


constrained 
to 
the 
range VSS 
<; 
(Vin 
or 


Vout) •• VOO' 
Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 


VSS or VOOI. 


~ 
MOTOROLA 


The MC141000 
family 
is a series of 4-bit 
CMOS Microcomputers 
designed 
for 
dedicated 
applications. 
The 
CMOS technology 
of 
the 
MC141000 
family 
provides 
the 
flexibility 
of 
microcomputers, 
for 
battery-powered 
and 
battery-backed-up 
applications. 
The 
MC141000 
and MC141200 
include 
ROM, 
RAM, 
and I/O for 
self-contained 
con- 
figurations 
in 28 and 40-pin packages. The 48-pin MC141099 has RAM 
and I/O with 
provision 
for external 
program memory. The MC141099 
serves lower-volume 
applications 
such as prototyping 
or pilot production 
of MC141000 and MC141200 systems. 


FEATURES 
MC141000 I MC141200 I MC141099 


Package Pin Count 
28 Pins 
I 
40 Pins 
I -48 Pin, 


Instruction 
Read Only Memory 
1024 X 8 (8.192 8its) I 
None 


Data Random Access Memory 
64 X 4 1256 Bits} 


"A" 
Individually 
Addressed Outputs 
11 
I 
16 
I 
16 


"0" 
Parallel Latched Data Outputs 
8 Bits 
I 
5 Bits 


"A" and "0" 
Output Drive 
Source 
20 mA 


Maximum-Rated 
Voltage 
6.5 V 


Working 
Registers 
Static 
2 -4 
Bits Each 


Instruction 
Set 
See Table 
2 


External Address Lines 
None 
I 
10 


On-ehip 
Oscillator 
V., 


Maximum 
5 V. 600 kHz 
11.5 mW 


Power 
5 V, 100 kHz 
2.8mW 


Dissipation 
3 V, 200 kHz 
1.5mW 


3 V. 30 kHz 
0.36mW 
• 
• 
Appliance Controllers 


• 
Calculators 


• 
Toys 
• 
Radio Controllers 
• 
Communications 
Controllers 


• 
Data Terminals 
• 
Cash Registers 


• 
Heating/Air-Conditioning 
Controllers 


• 
Remote Sensing System 
• 
Printing Controllers 
• 
Security Systems 
• 
Power Systems Control 
• 
Automotive 
Control 


The 
above applications 
of 
the 
MC141000 
family 
demonstrate 
its 
wide 
potential. 
Motorola 
accepts customer 
programs or will 
contract 
complete 
program 
development 
given the specifications 
for 
the appli- 
cation. 
Customer hardware and software 
support 
is available for devel- 
oping programs and debugging systems_This consists of one board and 
a software 
package using the 
M6800 
EXORciser. 
Contact 
your 
local 
salesoffice for details. 


MC141200 
MC141099 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
711 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE715 


SuffIX 
Denotes 


T - 
L 


p 


Ceramic 
Package 
C 
Plasttc 
Package 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +6.5 
Vue 


Input Voltage, A1t Inputs 
Vin 
-0.5 to VOO + 0.5 
Vde 


DC Current Drain per Pin, Atllnputs 
I 
10 
mAde 


DC Current Drain, VDD Pin 
I 
250 
mAde 


DC Current Drain, VSS Pin 
I 
20 
mAdc 


Operating Temperature 
Range 
TA 
-40 to +85 
°c 


Storage Temperature 
Range 
Tstg 
-65 to + 150 
°c 


Total Power Dissipation 
Pc, 
See Figure 1 
mW 


This device contains circuitry 
to protect 
the 


inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or 
electric 
fields; 
however, 
it 
is 
advised that normal precautions be taken to 
avoid application 
of any voltage higher than 


maximum 
rated 
voltages 
to 
this 
high 
impedance circuit. 
FOI proper operation it is 


recommended 
that 
Vin 
and 
Vout 
be 
constrained to the range VSS:S;:;;; 
(V1n or Voutl 
';;;VOO· 


Parameter 
Symbol 
Value 
Unit 


DC Supply Voltage --High Speed Clock 
VOO 
+4.75 to +6.0 
Vde 


Full Range Operation 
+3.0 to +6.0 


Clock Frequency 
Vao'" 
5.0 Vde ± 5% 
fClk 
DC to 600 
kHz 
VOO 
:0 3.0 Vdc Min. 
DC to 200 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Input Current - 
K Inputs and INIT 
lin 
J.lAdc 


(V in " 5.0 VI 
75 
100 
135 
(V in "0.0 
VI 
- 
-0.00001 
-0.3 


Input Current - 
I Inputs (MC141099 
Only) 
lin 
J.lAdc 
(Vin " 5.0 VI 
- 
0.00001 
0.3 
(Vin" 
0.0 VI 
- 
-0.00001 
-0.3 


Input Voltage - 
I Inputs (MC141099 
Only) 
Vde 


VIL 
- 
- 
0.8 


VIH 
2.0 
- 
- 


Input Voltage 
Other Inputs 
Vde 


VIL 
- 
- 
1.5 


VIH 
3.5 
- 
- 


Output Drive - 
Rand 0 Outputs 
mAdc 
(VOH "2.4 
VI - SeeFigure 2 
IOH 
-20 
- 
- 


(VOL" 
0.4 V, TA" 
85°C, VOO" 
4.75 VI 
IOL 
1.6 
- 
- 


Output Drive - 
PA and PC Outputs (MC141099 
Only) 
,uAdc 
(VOH "4.6 
VI 
(TA" 
85°C, VOO " 4.75 VI 
IOH 
-100 
- 
- 
(VOL" 
0.4 VI 
IOL 
100 
- 
- 


Average Supply Current 
100 
See Figure 3 
J.lAdc 


Static Supply Current 
100 
- 
60 
300 
J.lAdc 
(VOO" 
6.0 VI 


Oscillator Frequency 
fClk 
No Limit 
- 
600 
kHz 
(V DO "4.75 
VI 


Internal Oscillator Frequency for Rext '" 30 kn 
fClk 
400 
500 
600 
kHz 


Input Capacitance - 
K Inputs and INIT 
Cin 
- 
- 
7.5 
pF 


Input Capacitance - 
Clock Input 
Cia 
- 
- 
30 
pF 


• 


where 
Tstg is maximum 
storage 
temperature 
(150°C) 


TA is ambient operating temperature 
Po is total 
power dissipation: 


PO> 
(JOOIIVOO) 
+ (I0H11VOO 
- VOH) + (IOL11VOL 
- VSS) 


UOH and IOL are the sum of all output 
pins) 


R8 
R9 


Neg 
R10 
Supply, 
VSS 
K' 
K2 
K4 
K8 
INIT 


07 
06 
05 
04 
03 


2 
3 


VO. OUTPUT VOLTAGE 
IVdcl 


1 
28 
2 
27 
3 
26 


4 
25 
5 
24 
6 
23 


7 
22 
8 
21 


9 
20 
'0 
'9 


11 
'8 


12 
'7 


'3 
'6 


'4 
'5 


R8 
R9 


R,O 
R11 
Neg 
R12 


Supply, 
VSS 
K1 
K2 
K4 
.K8 
INIT 
07 
NC 
NC 
NC 
06 
05 
04 
03 
NC 


1 
40 


2 
39 


3 
38 
4 
37 
5 
36 
6 
35 
7 
34 
8 
33 
9 
32 
'0 
3' 
11 
30 
12 
29 
13 
28 
'4 
27 
'5 
26 
'6 
25 
, 7 
24 
'8 
23 
'9 
22 
20 
2' 


R7 
R6 
R5 
R4 
R3 
R2 


R1 
RO 
Pos Supply. 
V 00 


OSC2 
OSCl 
00 
01 
02 


R7 
R6 
R5 


R4 
R3 
R'5 
R14 
R13 
NC 
R2 
R, 
RO 
Pas 
Supply. 
V DO 
OSC2 
OSCl 
00 
0' 
02 
NC 
NC 


eJA Value 


Ceramic 
Plastic 
I 
28·Pin Package 
58 
98 


I 
40·Pin Package 
50 
95 


I 
48-Pin Package 
50 
- 


:g 3000 


<i.3 
~~ 
B 
2000 
'"z 
S~ 
'"~ 
1000 
,. 
x 
<i,. 


ffi 


I 
I 


For 
RC Oscillator 
I 
I 
V 


No de Loads 
Voa 
=' 6 Vdc 
..- 
/1' 
--- 


:po 
17 
~ 
V 
~ 
Voa '" 5 Vdc 


~ 
/ 


./ 
V 
/ r~ 
V ./ 
~ 
~I-- 
- 
I-- 
~OO", 
3 Vdc 


R8 
R9 
R10 
R11 
R'2 
Neg Supply, 
VSS 
K' 
K2 
K4 
K8 
INIT 
=~~ess{(LS8) m 


Out 
pe5 
PAO 
PAl 
PA2 
(MSB) 
PA3 


Instruction 
{17 


Input 
:~ 


R7 
R6 
R5 
R4 
R3 
R15 
R,4 
R,3 
R2 
Rl 
RO 
Pas Supply. 
VOO 
OSC2 
OSC, 
OSL 
08 
04 
02 
01 


10 1 
11 
Instruction 
12 j 
Input 
13 
14 


r-----' 
I 
I 
II 


A 
The accumulator 
is used to store the result of an 


A LU operation for subsequent operations. 


ALU 
The arithmetic 
logical unit performs calculation and 
decision-making tasks. 


K Inputs 
The K lines are the data input port. Since there are 
only four input 
lines, they are usually multiplexed 
under control 
of the R lines. The inputs are diode 
protected and have a pull-down resistor of approxi- 
mately 
50 kf2; therefore, open inputs are read as 


a logic low. 


o Outputs 
The eight outputs of the PLA are connected to out- 
put drivers which comprise the 0 outputs. 
These 


output drivers may be manufactured asopen emitter, 
active sink, or push-putl at the user's option. 


PLA 
The output 
programmable logic array is user-defined 


to specify the state of each of the eight 0 outputs 
for eachof the 32 possible PLAIR outputs. 


The programmable logic array 
inp:.Jt register is a 
5-bit latch which latches the four accumulator bits 
and the output of the status latch. 


Variable 
data is stored in the 64-word, 
4-bit 
per 
word 
Random 
Access Memory. 
Data is accessed 
by decoding a 2-bit file address(X register) and 4-bit 
word address(Y register). 


ROM Array 
The user's instructions 
are mask programmed into 


the 
Read Only 
Memory 
(ROMI. 
Instructions 
are 


addressed by a page address register (PA) and pro- 
gram 
counter 
(PCI, 
A 
single subroutine 
return 


register (SRRl and page buffer register (PS) permit 
a subroutine call to any location within 
the ROM. 


R Outputs 
The output of the Y register is decoded to select one 
of the R-output lines which can then be set or reset 
under 
program control. 
The R 
lines are used as 


control 
lines to scan keyboards and displays, per- 


form 
handshakes, and interface external logic. The 


R outputs 
may be manufactured as open emitter, 


active sink, or push-pull at the user'soption, 


S 
All branches and subroutine calls are dependent on 
the state of status logic. It may be set or reset on 
logical or arithmetic 
operations and is set by the 


remainder of the instructions. 


SL 
The status latch stores the state of the status logic 
in 
order 
to 
preserve it 
for 
subsequent 0 output 


operations. 


Y Register 
The Y 
register is a multipurpose 
regiser used to 


addressa word in a RAM file, to select an R output 
for 
manipulation 
by subsequent instructions, or as 
a general-purposecounting and storage register. 


• 


The 
MC141 000/1200/1 
099 
program 
controls 
data 


input, 
storage, 
processing, 
and 
output. 
The 
microcomputer 


internal 
organization 
is shown 
in Figure 
4. The 
processing 
of data 
occurs 
in the arithmetic 
logic unit 
(ALU). 
K-input 


data enters 
the A LU and is stored 
in the 4-bit 
accumulator. 


The accumulator 
output 
accesses 
the output 
latches, 
RAM 


storage, 
or the 
ALU 
input. 
Data 
is stored 
in the 
256-bit 
RAM, 
organized 
into 
64 words, 
4 bits per word_ The 4-bit 


words 
are grouped 
into 
four 
16-word 
files addressed 
by a 
2-bit 
X register. 
The 
4-bit 
Y register 
addresses 
one 
of the 


16 words 
in a file. 


The 
43 
basic 
instructions 
handle 
I/O, 
constant 
data 


from 
the 
ROM, 
bit 
control, 
internal 
data 
transfer, 
arith- 


metic 
processing, 
logic 
comparison, 
conditional 
and 


nonconditional 
branching 
and 
subroutines. 


The 
system 
designer 
has access 
for mask 
programming 


the following 
functions: 


1. ROM - 
1024 Words 
of 8 Bits 
2. 
Programmable 
Logic Array 
for a Outputs 


3. Output 
Drivers 


The 
MC141000 
microcomputer 
consists 
of 
seven 


subsystems: 


1. Read Only 
Memory 
(ROM) 


2. 
Random 
Access 
Memory 
(RAM) 


3. Output 
Ports 
4. 
Input 
Port 


5. Arithmetic 
Logical 
Unit 
(ALU) 


6. The 
Instruction 
Decoder 
7. Clock 


The 
following 
paragraphs 
describe 
how 
each 
of these 


subsystems 
is controlled 
by 
the 
instruction 
set. 
Every 


instruction 
occupies 
a single 
memory 
byte 
and 
is executed 


in one instruction 
cycle 
(six clock 
cycles). 


ROM ARRAY 


The 
ROM in the MC141000/1200 
consists 
of 8192 
bits 


of 
mask·programmed 
memory 
organized 
as 
1024 
8-bit 


instructions. 
It is divided 
into 
16 pages of 64 instructions 


per page. See Figure 
5. 


Instructions 
within 
ROM 
are 
addressed 
by 
the 
page 
address 
register 
(PA) which 
contains 
the page number, 
and 


the 
program 
counter 
(PC) which 
contains 
the 
location 
of 


the 
instruction 
relative 
to the 
beginning 
of the 
page. 
The 


PC 
is incremented 
prior 
to 
fetching 
the 
next 
instruction 
(unless 
diverted 
by 
a BRanch 
or CALL) 
so each 
instruc- 


tion 
is accessed 
in 
the 
numerical 
order 
of 
its 
address. 
A carry 
from 
the 
PC is not 
added 
to the 
PA so the 
pro· 
gram 
"wraps 
around" 
within 
the 
page rather 
than 
execut- 
ing 
the 
first 
instruction 
of 
the 
following 
page. 
Upon 
power 
up, the 
PC is set to zero and the PA and PB are set 
to 15. 


The 
MC141099 
addresses 
an external 
ROM 
program 


via 
ten 
address 
output 
lines. 
These 
are 
6 bits 
from 
PC 


(PCO-PC5) 
and 
4 
bits 
from 
PA 
(PAO-PA3). 
The 
B-bit 


instruction 
bytes 
are received 
by the 
MC 141 099 
from 
an 


external 
ROM 
on 
8 TTL 
compatible 
instruction 
input 


lines 1I0-17). 


6213E 
I 


6313 
F I 


RANDOM ACCESS MEMORY - 
RAM 


RAM consistsof 256 bits organized into 64 4-bit words. 


For purposes of addressing, the 4-bit words are organized 
into four files of 16 4-bit words per file, Figure 6. 


The X register is decoded to select 1 of the 4 RAM 


files; and the Y register is decided to address 1 of the 16 
words in the selected file. 


Individual 
bits within 
the RAM can be set, reset and 


tested under program control. 


~~ 


1 of 4 files 
1 of 16 words 
within 
a file 


'4(E) 


15(F) 


o 


14(EI 


'5(F) 


o 


'4IE) 


'5IF) 


o 


14(E) 


,5(F) 


OUTPUT PORTS 
Two output ports (R and 0) are included in the micro- 


computer. The MC141000 has eleven R outputs and the 
MC141200 and MC141099 each have sixteen R outputs. 
The MC141000and MC141200each haveeight a outputs, 
while the MC141099 has five. The number of R outputs is 
the 
only 
difference 
between the 
MC141000 
and the 


MC141200. 


R-output lines are used primarily 
as control or "hand- 
shake" lines, and to multiplex 
external hardware. The R 


output which is to be operated on is selected by a binary 
decode of the contents of the Y register. Set R and reset 
R instructions change the state of one R output at a time. 


The 
eight 
a-output 
lines on 
the 
MC141000 
and 


MC141200 are the decoded outputs of the contents of 
the 5-bit 
PLAIR. 
Since the PLAIR 
is loaded from the 


A and the SL, these registers must be "set up" prior to 
an output operation. The status latch can only be loaded 
by 
the 
YNEA 
(Y 
register not 
equal to 
accumulator) 


instruction while the contents of the accumulator may be 
modified by numerous other instructions. The MC141099 
brings out the 5-bit PLAIR 
to allow external decoding. 


An external PROM/EPROM could be usedto simulate the 
PLA. 
Figure 7 shows how EPROMS may be used with 


MC141099 to emulate an MC14100 or an MC141200. 
In a typical application, the first four R lines might be 


used as digit 
selects for outputting 
a four-digit 
decimal 


number using the PLA programmed as a seven-segment 
decode asshown in Figure 8. 


The MC141000/1200 
outputs may be mask program- 


med in any of three configurations. 
Figure 9 shows the 


open emitter circuit capable of sourcing 20 mA at Va 
= 


2.4 V and VDD = 5.0 V, which will drive an LED. Figure 
10 is the open drain circuit 
capable of sinking 1.6 mA 
over temperature, which will drive one TTL load or four 
LSTTL loads. The source and sink devices are combined 
in the active push-pull circuit of Figure 11. The MC141099 
also hasoutputs as in Figure 11. 


INPUTS 
The input lines consist of the four 
K-input 
lines and 


the initialize 
(IN IT) line. All 
inputs are static-protected 


CMOS inputs with 
pulldown 
of about 50 krl. 
Thus, an 


open input is equivalent to logic O. The circuit 
is shown 


in Figure 12. 
When power is applied, the registers shown in Table 1 


are loaded as shown for 
power up. All 
other 
internal 
registersand RAM come up in an arbitrary state. 
After 
power is applied, the initialize (IN IT) input may 


be used to reinitialize the processor. Internally, 
INIT has 


£ 


'2 
20 
18 


8----12 
7---13 
6---14 
5---15 
4---16 
3---17 
2---18 
1---19 
23 ---20 
22 ---21 
9---29 
10---28 
11---27 
13---26 
14---25 
15---24 
16---23 
17---22 
37 


K1 
RO 
38 
RO 


K2 
R1 
39 
R1 


K4 
R2 
40 
R2 


K8 
R3 
44 
R3 


INIT 
R4 
45 
R4 
esel 
RS 
46 
RS 


OSC2 
R6 
47 
R6 


R7 
48 
R7 


R8 
1 
R8 


R9 
2 
R9 


R10 
3 
R10 


R11 
4 
R11 


'" 
R12 
5 
R12 
'" 
R13 
41 
R13 
0; 
R14 
42 
R14 


U 
R1S 
43 
R1S 


::; 
Vss 
6.1 


K 1 
7 
K2------------------8 
K4 ------------------9 
K8------------------10 
INIT ------------------11 
ase1 ------------------35 
OSC2 ------------------36 


+5 
V 


+ 12 V 


-5 
V 


Gnd~ 


A4 
A3 
A2 
A1 
AO 
VCC 
VOO 
VBB 


~S 
CS/WE 
PAOG 
AS 


9 -- 
00 


10--01 
11 -- 
02 


13-- 
03 


14 __ 
04 


15 __ 
05 


16-- 
06 


17 __ 
07 


22 
23 
1 
2 


34--- 
4 
33--- 
5 
32--- 
6 
31--- 
7 
30 
8 


24 
19 
21 
12 
20 
1B 
3 


•• •• • •• 
r-- 


01 
• 
••• 
• • 
r-- 


06/-::/02 
• • 
• • 
~ 
• • • • • • • 


05/ 
-/03 
• • • • • • • •• 
r-- 
• • •• • 
• •• 
~ 
04 
• • • • • •• • 
I-- 


PLAIR 
o 1 2 3 4 5 6 7 8 9 10!1' 121314'15161171 
B19202122232425262728293031 


5 Bits 
Latch 
1 of 32 
Decode 


a 50 
kQ 
pull-down 
resistor 
which 
holds 
the 
INIT 
line 


low. 
It must 
be held 
high 
for a minimum 
of 6 full clock 
cycles 
and 
then 
returned 
to the low state. 
If a mechanical 


switch 
or other 
mechanical 
device 
is used to control 
INIT, 


it 
may 
be 
necessary 
to 
include 
a 
method 
of 
contact 


debounce 
to ensure 
a valid 
INIT pulse. 
A valid 
INIT 
pulse 
causes 
the 
registers 
to be initialized 


as shown 
in the 
table. 
The 
contents 
of 
registers 
other 


than 
those 
shown 
remain 
unchanged 
during 
initialize. 
Note 
that 
the 
PA and 
PB are loaded 
with 
the 
1's comple- 


ment 
of 
the 
K-input 
lines 
(K8 
= 
MSB). 
This 
feature 


allows 
the 
MC141000 
to be initialized 
to the first instruc- 


tion 
on 
any 
page 
by 
controlling 
the 
K inputs. 
This 
is 


useful 
where 
the 
same 
circuit 
may 
be 
used 
for 
several 


applications. 
Since 
the 
K inputs 
have 
50 
kQ 
pull-down 


resistors, 
open 
inputs 
are a 0 (unless 
driven 
from 
another 


device) 
and 
the 
1's complement 
(F16) 
is loaded 
into 
PA 


and PB. 


ARITHMETIC 
LOGICAL 
UNIT 
(ALUl 


The 
A LU 
is 
the 
calculating 
and 
decision-making 


portion 
of 
the 
MC141000/1200/1099 
hardware 
and 


Voo 


-COO," 


Output 


consists 
of a 4-bit 
adder/comparator 
and 
the 
status 
logic. 


The 
adder/comparator 
can 
add, 
subtract, 
compare 
two 


numbers, 
add + 1, -1, 
6, 8, and 
10. 
The 
status 
logic 
is selectively 
set or reset 
by add, 
sub- 


tract, 
increment, 
decrement, 
compare 
and 
bit-test 
opera- 


tions. 
Other 
instructions 
always 
set the status 
logic to a 1. 


INSTRUCTION 
DECODE 


The 
instruction 
decode 
logic 
latches 
every 
instruction 


fetched 
from 
ROM 
and 
configures 
the 
internal 
logic 
to 


execute 
the 
current 
instruction. 
The 
instruction 
set 
is 


listed 
in Table 
2. 


CLOCK 


The 
internal 
oscillator 
cirucit 
operates 
with 
quartz 


crystals, 
ceram ic resonators, 
an external 
resistor 
and 
from 


an external 
clock 
source. 
These 
oscillator 
circuit 
connec- 


tions 
are 
shown 
in 
Figures 
13, 
14, 
and 
15. 
Figure 
16 


shows 
the 
typical 
oscillation 
frequency 
with 
an external 


resistor. 
The 
discrete 
component 
values 
used 
with 
the 


quartz 
crystal 
and 
ceramic 
resonator 
oscillators 
may 


vary depending 
upon 
crystal/resonator 
manufacturer. 


OSCl 
OSC2 


~'". 


20PFr 
r80PF 


VSS 
VSS 


OSCl 


CIOCk~ 
Input 


OSC2I 


OSCl 
OSC2 
(Input) 
(Output) 


~ 


Opcode 
Mnemonic 
Description 


0111 
(C) 
ALEC 
If accumulator 
is less than or equal 
to I(C) field, 
status 
= 1. 


00101001 
ALEM 
If accumulator 
is less than or equal 
to M(X, Y), status 
= 1. 


00100101 
AMAAC 
Add memory 
to accumulator. 
Accumulator 
= result, 
status 
= carry. 


00000110 
A6AAC 
Add 6 to accumulator. 
Accumulator 
= result, 
status 
= carry. 


00000001 
A8AAC 
Add 8 to accumulator. 
Accumulator 
= result, 
status 
= carry. 


00000101 
A10AAC 
Add 10 to accumulator. 
Accumulator 
= result, 
status 
= carry. 


10 (W) 
BR 
Branch 
to label if status 
= 1. 


11 (W) 
CALL 
Call subroutine 
if status 
= 1. 


00101111 
CLA 
Clear contents 
of accumulator. 


00001011 
CLO 
Clear 
PLA Input Register. 
00000000 
COMX 
Complement 
X-Register. 


00101101 
CPAIZ 
Complement 
accumulator, 
then add 1. If accumulator 
= 0, status = 1. 


00000111 
DAN 
Decrement 
accumulator. 
If no borrow, 
status 
= 1. 


00101010 
DMAN 
Load M(X, Y) into accumulator 
and decrement. 
If no borrow, status = 1. 


00101100 
DYN 
Decrement 
V-register. 
If no borrow, 
status 
= 1. 


00001110 
IA 
Increment 
accumulator. 


00101000 
IMAC 
Load M(X, Y) into accumulator 
and increment. 
Status 
= carry. 


00101011 
IYC 
Increment 
V-Register. 
Status 
= carry. 
00001001 
KNEZ 
If K-inputs 
not equal 
to zero, 
status 
= 1. 


0001 
(C) 
LDP 
Load page buffer 
with 
I(C) field. 


001111 
(B) 
LDX 
Load X-register 
with I(B) field. 


00100110 
MNEZ 
If M(X, Y) not equal 
to zero, status 
= 1. 


001101 
(B) 
RBIT 
Reset 
bit I(B) of M(X,Y). 


00001111 
RETN 
Return 
from subroutine. 
00001100 
RSTR 
Reset 
R-line 
specified 
by V-register. 
00100111 
SAM AN 
Subtract 
accumulator 
from memory. 
Accumulator 
= result. 


If no borrow, 
status 
= 1. 


001100 
(B) 
SBIT 
Set Bit I(B) of M(X,Y). 


00001101 
SETR 
Set R-Iine specified 
by V-register. 
00000011 
TAM 
Transfer 
accumulator 
contents 
to M(X,Y). 


00100000 
TAMIY 
Transfer 
accumulator 
contents 
to M(X,Y), 
increment 
V-register. 


00000100 
TAMZA 
Transfer 
accumulator 
contents 
to M(X,Y), 
zero accumulator. 


00100100 
TAY 
Transfer 
accumulator 
contents 
to V-register. 


001110 
(B) 
TBIT1 
If bit I(B) of M(X,Y) 
is one, status 
= 1. 


0100 
(C) 
TCY 
Transfer 
I(C) field to V-register. 


0110 
(C) 
TCMIY 
Transfer 
I(C) field to M(X,Y), 
increment 
V-register. 


00001010 
TOO 
Transfer 
status 
latch and accumulator 
to PLA input 
register. 


00001000 
TKA 
Tranfer 
K-inputs 
to accumulator. 


00100001 
TMA 
Transfer 
M(X, Y) to accumulator. 


00100010 
TMY 
Transfer 
M(X,Y) 
to V-register. 


00100011 
TYA 
Transfer 
V-register 
contents 
to accumulator. 


00101110 
XMA 
Exchange 
contents 
of M(X,Y) 
and accumulator. 
00000010 
YNEA 
If V-register 
is not equal to accumulator, 
status 
and status 
latch = 1. 


0101 
(C) 
YNEC 
If V-register 
is not equal 
to I(C) field, 
status 
= 1. 


4 x 4 CROSSPOINT 
SWITCH WITH 
CONTROL 
MEMORY 


The MC142100 and MC145100 consist of 16 crosspoint switches 
lanalog transmission gatesl organized in 4 rows and 4 columns. Both 
devices have 16 latches, each of which control 
the state of a parti- 


cular switch. Any 
of the 16 switches can be selected by applying 
its address to 
the 
device and a pulse to the strobe input. 
The 
selected crosspoint will turn on if during strobe, Data In was a one 
and will turn off if during strobe, Data In was a zero. In addition the 
MC145100 will reset all non-selected switches in the same row asthe 
selected switch. Other switches are unaffected. In both devices, an 
internal power-on reset disables all switches as power is applied. 


• 
Internal Latches Control State of Switches 


• 
Power-On Reset 


• 
Low On Resistance - Typically 
on 100 n @ 10 Vdc 


• 
Large Analog Range± VDD/2 


• 
All Inputs Are Diode Protected 


• 
Matched Switch Characteristics 


• 
High CMOS Noise Immunity 


• 
MC142100 Pin-far-Pin Replacement for CD22100 


• 


4 X 4 CROSSPOINT 
SWITCH 


'WITH 
CONTROL 
MEMORY 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


g 


~Uf~:'~~~CO::SCkage 


P 
Plastic 
Package 


A 
Extended 
Operating 


Temperature 
Range 


C 
Limited 
Operating 


Temperature 
Range 


X2 
VDD 


Data 
In 
Y1 


C 
Y2 


o 
X4 


This 
device contains 
circuitry 
to 
protect 


the inputs against damage due to high static 
voltages or 
electric 
fields; 
hOlNever. it 
;s 


advised that 
normal 
precautions 
be taken 
to avoid application 
of any voltage higher 


than maximum 
rated voltages to this high 


impedance circuit. 
For proper operation 
it 


is recommended 
that 
Vin 
and 
Vout 
be 
constrained 
to 
the 
range VSS 
" 
(Vin 
or 


Vout) 
<; VDD· 


Unused inputs must always be tied to an 
appropriate 
logic voltage level (e.g., either 


VSS or VDD). 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VDD 
-0.5to+18 
Vdc 


Input Voltage. All Inputs 
Vin 
VDD to -0.5 
Vdc 


DC Current Drain per Pin 
I 
10 
mAdc 


Operating Temperature Range - 
TA 
°c 
AL Device 
-55to+125 


CL/CP Device 
-40 
to +85 


Storage Temperature Range 
Tstg 
-65 
to +150 
°c 


VDD 
Tlow. 
250C 
Thigh- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
Max 
Min 
Max 
Unit 


Input Voltage (Logic) 
"C" Level 
V,L 
Vdc 


(VO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.9 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
3.75 
- 
6.75 
3.75 
- 
3.75 


"1" 
Level 
V,H 
Vdc 


(VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.25 
- 
11.25 
8.25 
- 
11.25 
- 


Input Current 
lin 
15 
- 
±0.3 
- 
±0.00001 
±0.3 
- 
± 1.0 
~A 


Input Capacitance (V in - 0) 
Cin 
pF 


Digital Inputs 
- 
- 
- 
- 
5.0 
- 
- 
- 


Switch Inputs 
10 
- 
- 
- 
- 
- 
- 
- 


Output Capacitance 
Cout 
10 
- 
- 
- 
- 
- 
- 
- 
pF 


Feedthrough Capacitance 
Cin/out 
- 
- 
- 
- 
- 
- 
- 
- 
pF 


Quiescent Current 
IQ 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
Adc 
(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 


15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


On-State Resistance 
Ron 
5.0 
- 
- 
- 
- 
- 
- 
- 
n 


10 
- 
- 
- 
- 
- 
- 
- 


15 
- 
- 
- 
- 
- 
- 
- 


On-State Resistance Difference Between 
aRon 
5.0 
- 
- 
- 
- 
- 
- 
- 
n 
Any Two Switches 
10 
- 
- 
- 
- 
- 
- 
- 


15 
- 
- 
- 
- 
- 
- 
- 


Input/Output 
Leakage Current Switch Off 
lin/out 
15 
- 
±300 
- 
±0.01 
±300 
- 
± 1000 
nAdc 


InloutTou,"n 


Control 


Voo 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Propagation 
Delay Times 
VSS"OVdc 
tpLH· 'PHL 
5.0 
- 
- 
- 
ns 


Input to Control 
(RL = 10 kf21 
10 
- 
- 
- 


15 
- 
- 
- 


Strobe to Output 
ns 
Output "1" to High Impedance 
tpHZ 
5.0 
- 
- 
- 


10 
- 
- 
- 


15 
- 
- 
- 


Output "0" to High Impedance 
tPLZ 
5.0 
- 
- 
- 
ns 


10 
- 
- 
- 


15 
- 
- 
- 


High Impedance to Output "1" 
'PZH 
5.0 
- 
- 
- 
ns 


10 
- 
- 
- 


15 
- 
- 
- 


High Impedance to Output "0" 
'PZL 
5.0 
- 
- 
- 
ns 


10 
- 
- 
- 


15 
- 
- 
- 


Setup Time 
'su 
5.0 
- 
- 
- 
ns 
Address or Data In to Strobe 
10 
- 
- 
- 


15 


Hold Time 
th 
5.0 
This table 
lists all of the characteris· 
ns 
Address or Data In to Strobe 
10 
tics 
to 
be specified 
for 
this device. 


15 
Final specifications 
were not available 


Strobe Pulse Width 
tWH 
5.0 
at the time of printing. 
For the latest 
ns 


10 
data, 
contact 
CMOS 
Marketing, 


15 
Motorola 
Semiconductor 
Products 


Sine Wave Distortion 
VSS - -4.0 
Vdc 
- 
5.0 
Inc., 3501 
Ed Bluestein 
Blvd., Austin, 
% 
(RL" 
10 kn. f" 
1.0 kHz) 
10 
Texas 78721. 


15 


Frequency 
Response 
(Switch 
ON) 
VSS" 
-5.0 Vdc 
- 
5.0 
- 
- 
- 
MHz 


Vout 
10 
- 
- 
- 
(RL" 
1.0 kn. 20 Lo910 
V;n 
"-3.0 
dBI 
15 
- 
- 
- 


Feedthrough 
Attenuation 
(Switch 
OFF) 
VSS - -5.0 
Vdc 
- 
5.0 
- 
- 
- 
MHz 


(RL" 
1.0 kn. 20 Lo910 Vou' 
"-50 
dBI 


10 
- 
- 
- 


Vin 
15 
- 
- 
- 


Crosstalk Between Any Two Switches 
VSS - -5.0 
Vdc 
- 
5.0 
- 
- 
- 
MHz 
(Switch 
A On, Switch 
B Off) 
10 
- 
- 
- 


(RL "1.0 
kn. 20 Lo9l0 
Vou,(B) 
"-50 
dB 
1.5 
- 
- 
- 


V;n(AJ 


MC145100 
MC145100 
Only 
Only 


Address 
Switch 
Switches 
Address 
Switch 
Switches 


A 
B 
C 
0 
Selected 
Cleared 
A 
B 
C 
0 
Selected 
Cleared 


0 
0 
0 
0 
X1Yl 
0 
1 
2 
3 
0 
0 
0 
1 
X1Y3 
8 
9 
10 
11 


1 
0 
0 
0 
X2Y1 
1 
0 
2 
3 
1 
0 
0 
1 
X2Y3 
9 
8 
10 
11 
0 
1 
0 
0 
X3Y1 
2 
0 
1 
3 
0 
1 
0 
1 
X3Y3 
10 
8 
9 
11 


1 
1 
0 
0 
X4Y1 
3 
0 
1 
2 
1 
1 
0 
1 
X4Y3 
11 
8 
9 
10 


0 
0 
1 
0 
X1Y2 
4 
5 
6 
7 
0 
0 
1 
1 
X1Y4 
12 
13 
14 
15 
1 
0 
1 
0 
X2Y2 
5 
4 
6 
7 
1 
0 
1 
1 
X2Y4 
13 
12 
14 
15 
0 
1 
1 
0 
X3Y2 
6 
4 
5 
7 
0 
1 
1 
1 
X3Y4 
14 
12 
13 
15 
1 
1 
1 
0 
X4Y2 
7 
4 
5 
6 
1 
1 
1 
1 
X4Y4 
15 
12 
13 
14 


@ MOTOROLA 


The MCM1451 01 family of CMOS RAMs offers ultra low power 


and fully 
static operation with a single 5 volt supply. The CMOS 


1024-bit devices are organized in 256 words by 4 bits. Separatedata 
inputs and data outputs permit maximum flexibility 
in bus-oriented 


systems. Data retention 
at a power supply as low as 2.0 volts over 
temperature 
readily allows design into 
applications 
using battery 


backup for nonvolatility. 
The MCM145101 is fully static and does 
not require clocking in standby mode. 


The MCM145101 is fabricated using the Motorola advanced ion- 


implanted, 
silicon-gate 
technology 
for 
high 
performance 
and 
high reliability. 


• 
Low Standby Power 


• 
Fast AccessTime 


• 
Single + 5.0 Volt Supply 


• 
Fully TTL Compatible-All 
Inputs and Outputs 


• 
Three-State Output 


• 
Fully Static Operation 


• 
Data Retention to 2.0 Volts 


• 
Direct Replacement for: 


Intel 5101 Series 
AMI S5101 Series 
Hitachi MH435101 Series 


• 
Pin Replacement for Harris HM6501 Series 


Type Number 
Typical 
Standby 
Typical 
Standby 
Max Access 
Current 
Current 


@2 Vdc (~AI 
@ 5 Vdc I~AI 
(nsl 


MCM145101 L, MCM145101P 
.0.14 
0.2 
650 


MCM145101-1 L, MCM145101-1P 
0.14 
0.2 
450 


MCM145101-3L, 
MCM145101-3P 
0.70 
1.0 
650 


MCM145101-8L, 
MCM145101-8P 
- 
10 
800 


BLOCK DIAGRAM 


4 


AO 


Al 
Address 
Row 
VCC'" 
Pin 22 
Buffers 
Decoders 


A2 
Gnd = Pin 8 


(Enable) 


A3 


A4 
001 


CE2 


CEl 
19 


002 


20 
R!W 
D03 
DI1 
9 
Input 


012 
11 
Data 


13 
Control 
D04 
013 
15 
014 


18 


OD 


MCM145101 


1024-BIT 
STATIC 


RANDOM 
ACCESS MEMORY 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
736 
P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
708 


MCM"""8";'" 


-1 
-3 
-8 


(Not 
Used) 


Selections 
for 


speed 
and 
power 
(see 


table) 


CE1 CE2 00 RIW Din 
Output 
Mode 


H 
X 
X 
X 
X 
High Z 
Not Selected 


X 
L 
X 
X 
X 
High 
Z 
Not Selected 
X 
X 
H 
H 
X 
High Z 
Output 
Disabled 


L 
H 
H 
L 
X 
High Z 
Write 


L 
H 
L 
L 
X 
Din 
Write 


L 
H 
L 
H 
X 
DOut 
Read 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VCC 
-0.5 to +7.0 
Vdc 


Voltage on Any Pin 
Vin 
-0.3 to VCC +0.3 
Vdc 


Operating Temperature Range 
TA 
-40 
to +85 
°c 


Storage Temperature Range 
Tstg 
-65to+150 
°c 


This device contains circuitry 
to protect the 


inputs against damage due to high static voltages 
or 
electric 
fields; however, 
it 
is advised that 


normal precautions be taken to avoid appl ica· 
tion of any voltage higher than maximum rated 
voltages to this high.impedance circuit. 


DC OPERATING 
CONDITIONS 
AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 


MCM145101, 
·1 
MCM145101·3 
MCM145101·8 


Characteristic 
Symbol 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Min 
Typ 
Ma. 
Unit 


Input Current 
Iln(2) 
- 
5.0 
- 
- 
5.0 
- 
- 
5.0 
- 
nAdc 


Input High Voltage 
VIH 
2.2 
- 
VCC 
2.2 
- 
VCC 
2.2 
- 
VCC 
Vdc 


Input Low Voltage 
VIL 
-0.3 
- 
0.65 
-0.3 
- 
0.65 
-0.3 
- 
0.65 
Vdc 


Output 
High Voltage 
VOH 
2.4 
- 
- 
2.4 
- 
- 
2.4 
- 
- 
Vdc 


1I0H:-l.0mA) 


Output 
Low Voltage 
VOL 
- 
- 
0.4 
- 
- 
0.4 
- 
- 
0.4 
Vdc 


1I0L = 2.0 mAl 


Output 
Leakage Current 
ILQ(2) 
- 
- 
! 1.0 
- 
- 
, 1.0 
- 
- 
'2.0 
,uAdc 


ICEl 
= 2.2 V, VOL = 0 V to VCCI 


Operating Current 
ICC1 
- 
g.O 
22 
- 
9.0 
22 
- 
11 
25 
mAde 


(Vin::: VCC, except ffi '"0.65 V, outputs open) 


Operating Current 
ICC2 
- 
13 
27 
- 
13 
27 
- 
15 
30 
mAde 


(Vin::= 2.2 V, except CE1 "0.65 
V, outputs open) 


Standby Current 
ICCLI21,(41 
- 
- 
10 
- 
- 
200 
- 
- 
500 
pAde 


ICE2 <: 0.2 VI 


Characteristic 
Symbol 
Typ 
Ma. 
Unit 


Input Capacitance 1Vi" :::0 V) 
Cin 
4.0 
8.0 
pF 


Output Capacitance (Vout::: a VI 
Cout 
8.0 
12.0 
pF 


Parameter 
Test Conditions 
Symbol 
Min 
Typ.(1) 
Ma. 
Units 


VCC for Data Retention 
VOR 
2.0 
- 
- 
Vdc 


MCM145101 
or MCM145101·1 
Data 
VOR = 2.0 V, 
ICCOR1 
- 
0.14 
10 
pAdc 
Retention Current 


MCM145101-3 
Data Retention Current 
CE2 <: 0.2 V 
VOR - 2.0 V, 
ICCOR2 
- 
0.70 
200 
pAdc 


Chip Deselect to Data Retention Time 
tCOR 
0 
- 
- 
n, 


Operation Recovery Time 
tR 
tRC''>' 
- 
- 
n, 


NOTES: 
1. Typical values are T A::: 250C and nominal supply voltage. 
2. 
Current through all inputs and outputs included in ICCL measurement. 


3. 
tRC:: 
Read Cycle Time. 


4. 
Low 
current 
state is for CE2::: 0 only. 


Supply 


Voltage 


1VCC) 


;{ 
..'> 
<ro 
~ 
0.1 


AC OPERATING 
CONDITIONS 
AND CHARACTERISTICS 


(Full 
operating 
voltage 
and temperature 
unless 
otherwise 
noted 
I 


Condition 
Value 


Input Pulse Levels 
+0.65 V to 2.2 V 


Input Rise and Fall Times 
20 ns 


Output 
Load - 
1 TTL Gate and CL - 100 pF 


Timing Measurement Reference Level 
I 
1.5 Volt 


MCM145101·1 
MCM145101.·3 
MCM145101·8 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 


Read Cycle 
tAC 
450 
- 
650 
- 
800 
- 


AccessTime 
tA 
- 
450 
- 
650 
- 
800 


Chip Enable (CEll 
to Output 
'COI 
- 
400 
- 
600 
- 
800 


Chip Enable (CE2) to Output 
'CO2 
- 
500 
- 
700 
- 
850 


Output Disable to Output 
'aD 
- 
250 
- 
350 
- 
450 


Data Output to High Z State 
tDF 
0 
130 
0 
150 
0 
200 


Previous Read Data Valid with Respect to Address Changlt 
tOHl 
0 
- 
0 
- 
0 
0 


Previous Read Data Valid with Respect to Chip Enable 
tOH2 
0 
- 
0 
- 
0 
0 


Write Cycle 
twc 
450 
- 
650 
- 
800 
- 


Write Delay 
'AW 
130 
- 
150 
- 
200 
- 


Chip Enable (CEl) 
to Write 
tCWl 
350 
- 
550 
- 
650 
- 


Chip Enable (CE21 to Write 
tCW2 
350 
- 
550 
- 
650 
- 


Data Setup 
tDW 
250 
400 
- 
450 
- 
Data Hold 
tDH 
50 
- 
100 
- 
100 
- 
Write Pulse 
twp 
250 
- 
400 
- 
450 
- 


Write Recovery 
tWR 
50 
- 
50 
- 
100 
- 


Output Disable Setup 
tDS 
130 
- 
150 
- 
200 
- 


@ MOTOROLA 


The 
MC145104, 
MC145106, 
MC145107, 
MC145109, 
and 
MC145112 are phase locked loop (PLLI frequency synthesizer parts 
constructed 
with 
CMOS devices on a single monolithic 
structure. 


These synthesizers find 
applications 
in such areas as CB and FM 


transceivers. The device contains an oscillator/amplifier, 
a 210 or 
211 divider chain for that oscillator signal, a programmable divider 
chain for 
the input signal and a phase detector. The MC145104/ 


5106/5112 have circuitry 
for a 10.24 MHz oscillator or may operate 
with 
an external signal. The MC145107/5109 
require the external 
reference signal. Several of the circuits provid'e a 5.12 MHz output 
signal, which can be used "for frequency tripling. 
A 29 (MC145106/ 


5109/5112) 
or 28 (MC145104/5107) 
programmable divider divides 
the input signal frequency for channel selection. The inputs to the 
programmable divider are standard ground-to-supply binary signals. 


Pull-down 
resistors 
on 
these 
inputs 
normally 
set 
these 
inputs 
to 
ground enabling these programmable inputs to be controlled from 


a mechanical 
switch 
or electronic 
circuitry. 
The phase detector may control 
a VCO and yields a high level 


signal when input frequency is low, and a low level signal when input 
frequency is high. An out of lock signal is provided from the on-chip 
lock detector with a "0" level for the out of lock condition. 
The MC145106 is the full pinout version of this family of parts 
and has the capability 
of all parts in the family. 
The MC145104/ 


5107/5109/5112 
are limited 
pinout 
versions. See block diagrams 
for details. 


• 
Single Power Supply 


• 
Wide Supply Range: 4.5 to 12 Vdc 


• 
16 or 18 Pin Plastic Packages 


• 
10.24 MHz Oscillator on Chip 


• 
5.12 MHz Output 


• 
Programmable Division Binary Input Selects up to 29 


• 
On-Chip Pull Down Resistorson Programmable Divider Inputs 


• 
Selectable Reference Divider, 210 or 211 


MAXIMUM RATINGS (Voltages referenced to VSSI 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 
to + 12 
Vdc 


Input Voltage, All Inputs 
Vi" 
-0.5 to VOO + 0.5 
Vdc 


DC Current 
Drain per Pin 
I 
10 
mAde 


Operating Temperature 
Range 
TA 
-40 to +85 
°c 


Storage Temperature 
Range 
Tstg 
-65to 
+150 
°c 


MC145104 
MC145106 
MC145107 
MC145109 
MC145112 


PLL 
FREQUENCY 
SYNTHESIZERS 


16fi11!111!t(8 
.rwll~~ 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
707 


Pin·for- Pin Replacements 
for: 


MC145104 
for SM5104, 
MM55104, 
MM551 14 


MC145106 
for MM55106. 
MM55116 


MC145107 
for SM5107 
MC145109 
for SM5109 
MC1451 12 for SM5106 


This 
device contains circuitry 
to 
protect 


the inputs 
against 
damage 
due to high static 


voltages or 
electric 
fields; 
however, 
it 
is 


advised that 
normal precautIons be taken 


to avoid application of any voltage higher 
than maximum 
rated voltages to this high 


impedance circuit. For proper operation it 
is recommended 
that 
V in 
and 
V ut 
be 


constrained to the range Vss ~ fVin or 
Vout 
~ 
VOO· 


Voo 
All Typ•• 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
Max 
Unit 


Supply Current 
10 
5.0 
- 
6 
10 
mAde 


10 
- 
20 
35 


12 
- 
28 
50 


Input Voltage 
"0" 
Level 
VIL 
5.0 
- 
- 
1.5 
Vdc 


10 
- 
- 
3.0 


12 
- 
- 
3.6 


"1" 
Level 
VIH 
5.0 
3.5 
- 
- 
Vde 


10 
7.0 
- 
- 


12 
8.4 
- 
- 


Input Current (FS) 
"0" Level 
lin 
5.0 
-5.0 
-20 
-50 
/-lAde 


(Pull-up Resistorl 
10 
-15 
~O 
-150 


12 
-20 
-80 
-200 


(PO to P8) 
5.0 
- 
- 
-0.3 


10 
- 
- 
-0.3 


12 
- 
- 
-0.3 


(FS) 
"1" Level 
5.0 
- 
- 
0.3 
,/JAde 


10 
- 
- 
0.3 


12 
- 
- 
0.3 
(PO to P8) 
5.0 
7.5 
30 
75 


(Pull-down 
Resistod 
10 
22.5 
90 
225 


12 
30 
120 
300 


(Oscin, fin) 
"0" 
Level 
5.0 
-2.0 
~.O 
-15 
/-lAde 


10 
~.O 
-25 
~2 


12 
-9.0 
-37 
-92 


(Osci", finl 
"1" 
Level 
5.0 
2.0 
6.0 
15 


10 
6.0 
25 
62 


12 
9.0 
37 
92 


Output 
Driwe Current 
10H 
mAde 


(Va: 
4.5 Vdc) 
Source 
5.0 
-0.7 
-1.4 
- 


(Va = 9.5 Vdel 
10 
-1.1 
-2.2 
- 


(Va: 
11.5 Vdc) 
12 
-1.5 
-3.0 
- 


(Va = 0.5 Vdel 
Sink 
10L 
5.0 
0.9 
1.8 
- 
mAde 


(Va = 0.5 Vde) 
10 
1.4 
2.8 
- 


(Va = 0.5 Vde) 
12 
2.0 
4.0 
- 


Input Amplitude 
- 
VPil 
(fin @l4.0 MHzl 
- 
1.0 
0.2 
- 
Sine 


(Oscin @l10.24 MHzl 
- 
1.5 
0.3 


Input Resistance 
Rio 
Mn 


(OSCin. fin) 
5.0 
- 
1.0 
- 


10 
- 
0.5 
- 


12 
- 
- 
- 


Input Capacitance 
Cin 
pF 


(OSCin. finl 
- 
- 
6.0 


Three 
State 
Leakage 
Current 
ITL 
"Ade 


(</> Detout) 
5.0 
- 
- 
1.0 


10 
- 
-. 
1.0 


12 
- 
- 
1.0 


Input Frequency 
fin 
4.5 
4.0 
- 
- 
MHz 
(_400C to +850C) 
12 
4.0 
- 
- 


Oscillator 
Frequency 
OSCi" 
4.5 
10.24 
- 
- 
MHz 
(-40°C 
to +850C) 
12 
10.24 
- 
- 


N.C. '" Pin 8 
VOD 
'" Pin 1 
VSS'" 
Pin 18 


+2SoC 
II 


+8SoC 
J 
-40°C 
/ /) 
/t/:: "/ 


.•..~ 


25 


- 20i 
~ 15 
~ 
w 
10 
> 
>= 
~g S.O 
> 


Selection 


P8 
P7 
P6 
P5 
P4 
PJ 
P2 
P1 
PO 
Divide By N 


0 
0 
0 
0 
0 
0 
0 
0 
0 
2 (Note 11 
0 
0 
0 
0 
0 
0 
0 
0 
1 
3 (Note 21 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 
0 
0 
0 
0 
0 
0 
0 
1 
1 
3 
0 
0 
0 
0 
0 
0 
1 
0 
0 
4 


0 
1 
1 
1 
1 
1 
1 
1 
1 
255 


1 
1 
1 
1 
1 
1 
1 
1 
1 
511 


Note 1: 
The binary setting of 00000000 and 00000001 on 
P8 to POresults in a 2 and 3 di••.• 
ision which is not 
in the 2N_1 sequence. When pin is not connected 
(or is not listed as for the MC145104 and 
MC145107). the logic signal on that pin can be 
treated as a "0". 


+2SoC 


+8SoC 
-40°C 


/ 
V 


25 


:j1 20 
~ 
w 
'" 
15 
~ 
>~ 10 
~ 


20 
30 


Ostin, MAXIMUM 
FREQUENCY 
(MHz) 


PO- 
P8 - Programmable di••.• 
ider inputs (binary) 


fin - 
Frequency input to programmable di••.• 
ider (deri••.• 
ed 
from VCO) 
Oscin - Oscillator/amplifier 
input terminal 
OSCout- 
Oscillator/amplifier 
output terminal 


LD - 
Lock detector, low when out of lock 


4>Detout - Signal for control of external VCO, output high 


when fin/N 
is less than the reference frequency; output 


low when fin/N 
is greater than the reference frequency. 


Reference frequency is the divided down oscillator. 
input frequency typically 
5.0 or 10kHz. 


FS - 
Reference Oscillator Frequency Division Select. When 
using 10.24 MHz Osc frequency, this control 
selects 


10 kHz, a "0" selects 5.0 kHz. 
+20ut - 
neference Osc frequency di••.• 
ided by 2 output; 
when 


using 10.24 MHz Osc frequency, this output is 5.12 
MHz for frequency tripling applications. 


VOO - Positive power supply 
VSS - Ground 


The MC145104, 
MC145106, 
MC145107, 
MC145109, 
MC145112 
ICs are well suited for 
Applications 
in CB 


radios 
because 
of the channelized 
frequency 
requirements. 


A typical 
40 channel CB transceiver synthesizer using a 


single 
crystal 
reference 
is shown 
in 
Figure 
3 for 
receiver 
IF values of 10.695 MHz and 455 kHz. 
In addition to applications in CB radios, the MC145104- 
12 ICscan be usedasa synthesizer for severalother systems. 
Various frequency spectrums can be achieved through the 
use of 
proper 
offset, 
prescaling and loop programming 


techniques. 
In 
general, 300-400 
channels can be syn· 


thesized 
using 
a 
single 
loop, 
with 
many 
additional 


channels available when 
multiple 
loop 
approaches are 


employed. 
Figures 
4 
and 
5 
are 
examples 
of 
some 


possibilities. 


In the aircraft 
syntheizer of 
Figure 5, the VH F loop 
(top) will provide a 50 kHz 360 channel system with 10.7 
MHz Rrr offset when only the 11.0500 MHz (transmit) 
and 12.1200 
MHz (receive) frequencies are provided to 


mixer 
#1. When these signals are provided with 
crystal 
osci:lators, 
the 
result 
is a three 
crystal, 
360 channel, 


50 
kHz 
step synthesizer. 
When USin9 the 
offset 
loop 


(bottom) 
in Figure 5 to provide the indicated 
injection 
frequencies for mixer #1 Itwo for transmit and two for 
receive) 360 additional channels are possible. This results 


,; 
in a 720 channel, 25 kHz step synthesizer which requires 
only two crystals and provides Rrr offset capability. 
The 


receive offset 
value is determined 
by 
the 
11.31 MHz 


crystal frequency and is 10_7MHz for the example. 


The 
VH F marine 
synthesizer 
in Figure 4 depicts a 


single 
loop 
approach 
for 
FM 
transceivers_ The 
VCO 


operates on-frequency during transmit and is offset down- 
ward 
during 
receive. 
The 
offset 
corresponds 
to 
the 


receiver 
IF 
(10.7 
MHz) 
for 
channels having identical 
receive/transmit 
frequencies 
(simplex). 
and 
is (10.7 
- 


4.6 = 6.1) MHz for duplex channels_ Carrier modulation 
is introduced in the loop during transmit. 


CirCUit diagrams utilizing 
Motorola 
products 
are included 
as a means 


of 
illustrating 
tvpical 
semiconductor 
applications; 
consequently, 


complete 
information 
sufficient 
for 
construction 
purposes 
IS not 


necessarily 
given. 
The 
informatIon 
has been carefully 
checked 
and 


26.965 - 27.405 
MHz 
(transmit) 


26.510 
- 
26.950 
MHz 
(receive) 


is believed 
to 
be entirely 
reliable. 
However, 
no responsibility 
is 


assumed 
for 
InaccuraCies. 
Furthermore, 
such information 
does not 


convey 
to the purchaser of the semiconductor 
devices described any 


license under the patent 
rights of Motorola 
Inc. or others. 


Transmit 
MOdulation 
Circuit 
Programmable 
Inputs 
N "'97 
to 153 
·152 


NOTES: 


_Receiver 
IF:: 
10.7 
MHz 


• Low Side Injection 
• Duplex 
Offset:: 
4.6 
MHz 


• Step Size:: 
25 kHz 


• Frequencies 
in MHz 
unless 


noted 


Transmit 


• Values 
in Parentheses 
are 
for a 5.0 kHz 
Reference 
Frequency 


• Example 
Frequencies 
for 


Channel 
28 Shown 
by 
• 


#Can 
be eliminated 
by adding 
184 to +N 
for 
Duplex 
Channels. 


810 
kHz 
- 
812.5 
kHz 


N '" 324 
- 
325 


Transmit 
Range 


156.025 
- 
157.425 
MHz 


·157.4 


Receiver 
L.O. 
Range 


145.575 
- 
152.575 
MHz 


·151.3 


~UPI8X 


14.75# 


c:J(29.50J 


TRANSMIT 


118.000 
- 
135.975 
MHz 


(25 kHz Steps) 


RECEIVE 


128.700 
- 
146.675 
MHz 


TRANSMIT 
11.0500 
MHz 


11.0525 
MHz 


RECEIVE 
12.1200 
MHz 


12.1225 
MHz 


RECEIVE 
11.31 
MHz 


(Select 
Frequency 
to Give 


Desired 
A/T 
Offset) 


@ MOTOROLA 


The MCM146504 is a 4096X1·bit 
static random accessmemory, 


fabricated 
with 
high density. 
high 
reliability 
CMOS silicon·gate 


technology. The device has TTL compatible inputs and outputs. It is 
designed to 
retain data at low supply voltages, to further 
reduce 


supply current requirements. 


The 
MCM146504 
is 
useful 
in 
memory 
applications 
where 
low·power 
and non·volatility 
is required. It is assembled in 1B pin 


dual in·line packagewith the industry standard pin·outs. 


• 
Single Low Voltage Power Supply 


• 
Static Operation 


• 
Industry Standard 1B·Pin Configuration 


• 
Fully TTL Compatible 


• 
Common Data Input and Output Capability 


• 
Three·State Outputs 


• 
Low Power Dissipation - Standby 10 mW (Typical) 


• 
Ideal for Battery Backup Operation 


• 
AccessTime - 450 ns (Maximum) 


• 
Pinout and Functional Replacement for 
Harris - 
HM6504 


Intersil - 
IM6504 


Memory 
Array 
~ 
V CC 


64 
Row 


64 
Columns 


Input 
Data 
Control 


and 


Clock 


MCM146504 


4096Xl-BIT 
STATIC 
RANDOM 
ACCESS MEMORIES 


AD-All 
Address 
Inpu t 


D 
Data 
Input 


Q 
Data 
Output 


S 
ChIp 
Select 


VCC 
Power SupplV 
{. 5 VI 


VSS 
Ground 


W 
Write 
Enable 


s 
w 
0 
Q 
Mode 


H 
X 
X 
HI Z 
Not 
Sel'!cted 


L 
L 
L 
HIZ 
Write 
"0" 


L 
L 
H 
HI·Z 
Write 
"1" 


L 
H 
X 
Output 
data 
Read 


® MOTOROLA 


1024 X 1 BIT STATIC 
RANDOM 
ADDRESS 
MEMORY 


The 
MCM146508 
and 
MCM146518 
are fully 
static 
1024 
X 
1 
RAMS 
fabricated 
using high performance 
silicon 
gate CMOS tech· 


nology. 
They 
offer 
low-power 
operation 
from 
a single 5.0 V supply 


with 
data 
retention 
to 
2.0 V_ The MCM146508 
has the two 
select 


lines and the enable line brought 
out as a single enable line. 


• 
Low Standby 
and Operating 
Power 


• 
Single 5.0 V Supply 


• 
Data Retention 
to 2.0 V 


• 
Fast Access Time 


• 
Address Latches 


• 
Three·State 
Outputs 


• 
Fully 
TTL 
Compatible 
Inputs/Outputs 


• 
Fully 
Static Operation 


• 
Direct 
Replacement 
for 
Harris HM6508/HM6518 
Intersi11M6508/IM6518 


Maximum 
Operating 
Pock.go 
Typical 
Curr,nt 
Acc8S1 
Temperatur. 
Type Number 
Suffix. 
2Vdc 
5 Vdc 
Tim. 
Ringe 


MCM14650B/MCM14651B 
LIP 
0.11'A 
5.01'A 
460 ns 
-40 
to +B50C 


MCM14650B-l/MCM146518·1 
LIP 
0.01 I'A 
1.01'A 
300 ns 
-40 
to +B50C 


MCM146508·2/MCM146518·2 
L 
0.01 I'A 
1.0l'A 
300 ns 
-55 to + 12SOC 


MCM146508 
MCM146518 


1024 X 1 BIT STATIC 
RANDOM 
ACCESS MEMORY 


MCM14XXXX 
SuffiX 
Oenote, 
1T - L 
C.,.m,c 
Pockogo 
t: P 
PlastIc P,ck.ge 


See Table 
1 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VOO 
-0.5 to +7.0 
Vdc 


Input Voltage, All Inputs 
Vin 
-0.3 
to VOO + 0.3 
Vdc 


Operating Temperature Range 
TA 
°c 


MCM146508/MCM146518 
-40 
to +85 


MCMl 46508- 1/MCMl 4651 8-1 
-40 
to +85 


MCMl 46508-2/MCMl 
4651 8-2 
-5510 
+ 125 


Storage Temperature Range 
Tstg 
-65 
to +150 
°c 


MCM146508-1 
MCM146508 
MCM146508-2 


MCM146518-1 
MCM146518 
MCM146518-2 


Characteristic 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 


Input Current 
lin 
- 
5.0 
- 
- 
5.0 
- 
- 
5.0 
- 
nAdc 


Input High Voltage 
VIH 
VOO - 2.0 
- 
VOO 
VOO - 2.0 
- 
VOO 
- 
- 
VOO 
Vdc 


Input Low Voltage 
VIL 
-0.3 
- 
0.8 
-0.3 
- 
0.8 
-0.3 
- 
0.8 
Vdc 


Output High Voltage 
VOH 
2.4 
- 
- 
2.4 
- 
- 
2.4 
- 
- 
Vdc 


(lOH = -1.0 
mAl 


Output Low Voltage 
VOL 
- 
- 
0.4 
- 
- 
0.4 
- 
- 
0.4 
Vdc 


(lOL = 2.0 mAl 


Output Leakage Current 
IOL 
- 
- 
± 1.0 
- 
- 
.1.0 
- 
- 
± 1.0 
,uAdc 


(VOL = 0 V to Vool 


Standby Current 
IOOSB 
- 
0.1 
10 
- 
1.0 
100 
- 
1.0 
100 
nAdc 


(VIH = E = 51 = 52 = Vool 


Data Retention Current 
IOOOR 
- 
0.1 
1.0 
- 
0.1 
10 
- 
0.1 
10 
,uAdc 


1VOO=2.2V=VIH= 
E =51=521 


Operating Current 
IOOOp 
- 
- 
- 
- 
- 
- 
- 
- 
- 
mAdc 
(tELEH 
= 1.0 ~sl 


Characteristic 


Input Capacitance (V in = 0 V) 


Output Capacitance (V out = 0 V) 


Condition 
Value 


Input Pulse Levels 
+O.B V to VOO - 2.0 V 


Input Rise and Fall Times 
20 ns 


Output Load 
1 TTL Gat. and CL - 50 pF 


Timing Measurement Reference Level 
1.5V 


Supply Voltage 
5.0 V .10% 


Temperature Range 
MCMl 46508/MCMl 
4651 8 
-40°C 
to +8SoC 
MCM146508-1/MCM14651 
B-1 
-40°C 
to +B50C 
MCM14650B-2/MCM146518-2 
-55°C 
to + 125°C 


This 
device contains circuitry 
to 
protect 
the 


inputs against damage due to high static volt- 
agesor electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


MCM146508·1 
MCM146508·2 
MCM146508 


MCM146518·1 
MCM146518-2 
MCM146518 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 


Read 
or Write 
Cycle 
Time 
tELEL 
500 
- 
500 
- 
760 
- 
n, 


Enable Pulse Width, 
Low 
tELEH 
300 
- 
300 
- 
460 
- 
n, 


Enable Pulse Width, 
High 
tEHEL 
200 
- 
200 
300 
n, 


Enable 
Access 
Time 
tELQV 
- 
300 
- 
300 
- 
460 
n, 


Address 
Setup 
tAVEL 
7.0 
7.0 
15 
n, 


Address 
Hold 
tELAX 
90 
- 
90 
150 
n, 


Data Setup 
tDVWH 
200 
- 
200 
- 
300 
n, 


Data Hold 
tWHDX 
0 
0 
0 
n, 


Write Pulse Width 
tWLWH 
200 
- 
200 
300 
n, 


Write 
Enable 
to Output 
Disable 
tWLQZ 
- 
180 
- 
180 
285 
n, 


Output 
Di,able (MC146508 Only) 
tEHQZ 
- 
180 
- 
180 
- 
285 
n, 


Output 
Disable (MC146518 Only) 
tSHQZ 
- 
180 
- 
180 
- 
285 
n, 


Write Disable to Output 
Enable 
tWHQX 
- 
180 
180 
285 
n, 


Output 
Enable IMC146508 
Only) 
tELQX 
- 
180 
- 
180 
- 
285 
n, 


Output 
Enable (MC146518 Only) 
tSLQX 
- 
180 
180 
285 
n, 


Select 
to Write Pulse Setup 
tWLSH 
200 
- 
200 
300 
n, 


Select 
to Write Pulse Hold 
tSLWH 
200 
- 
200 
- 
300 
- 
n, 


Enable to Write Pulse Setup 
tWLEH 
200 
200 
300 
n, 


Enable to Write Pulse Hold 
tELWH 
200 
- 
200 
- 
300 
- 
n, 


t X 
X 
X 
X 


signal 
name 
from 
Whl.CO 
,"""" 
" ""'"'"::'J 
I 
I 


tranSltlon 
rllrecllon 
for 
first 
sIgnal 


signal 
name 
to which 
Interval 
IS defined 


transition 
dIrection 
for second 
signal 


The 
table 
of 
timing 
values 
shows 
either 
a minimum 
Of 


a maximum 
limit 
for 
each 
parameter 
Input 
requirements 


are 
specified 
from 
the 
external 
system 
POint 
of 
view. 


Thus, 
address 
setup 
time 
IS shown 
as a mInimum 
Since the 


system 
must 
,upply 
at least 
that 
much 
time 
(even though 


most 
deVices 
do 
not 
requlie 
it). 
On 
the 
other 
hand, 


responses 
from 
the 
memory 
are specified 
from 
the deVice 


point 
of 
view. 
Thus, 
the 
access time 
is shown 
as a maXI' 


mum 
since 
the 
device 
never 
provides 
data 
later 
than 


that 
time. 


The 
tranSition 
definitions 
used 
In 
thIs 
data 
sheet 
are: 


H = transition 
to high 


L = tranSitIon 
to low 


V = transition 
to valid 


X = tranSition 
to invalid 
or don't 
care 


Z = transition 
to off 
(high 
Impedance) 


Circuit 
diagrams 
utilizing 
Motorola 
products 
are included 
as a means 


of 
illustrating 
typical 
semiconductor 
applications; 
consequently, 


complete 
information 
sufficient 
for 
constructIon 
purposes 
is not 
necessarily 
given. 
The 
information 
has been carefully 
checked 
and 


is 
believed 
to 
be 
entirely 
reliable. 
However, 
no 
responsibility 
is 


assumed 
for 
inaccuracies. 
Furthermore, 
such information 
does not 


convey 
to 
the purchaser 
of the semiconductor 
devices described 
any 


license under 
the patent 
rights 
of Motorola 
Inc. or others. 


_tELQV 
"'-tE LQX-- 
High Z 
Q 
Previous 
_Data 


R~l=S=H=Q=Z============-=-ltsLQX 


Time 
Reference ------t---t------------------------t+- 


Time 
Inputs 
Output 


Reference 
E 
S 
W 
A 
0 
Q 
Function 


-1 
H 
H 
X 
X 
X 
Z 
Disabled 


0 
\.... 


X 
H 
V 
X 
Z 
Address 
Latched 


1 
L 
L 
H 
X 
X 
X 
Output 
Enabled 


2 
L 
L 
H 
X 
X 
V 
Output 
Valid 


3 
J 
L 
H 
X 
X 
V 
Output 
Latched 


4 
H 
H 
X 
X 
X 
Z 
Disabled 
(Same as - 1) 


5 
\.... 


X 
H 
V 
X 
Z 
Nex t Cycle (Same as 0) 


~ 


tSLWH 
51------------ 
~twLSH 
52 
_ 
1 
_ 


Time 
Reference ------f-t-----------------------t+- 


Time 
Inputs 
Output 


Reference 
E 
S 
W 
A 
0 
Q 
Function 


-1 
H 
X 
X 
X 
X 
Z 
Disabled 


0 
\.... 


X 
X 
V 
X 
Z 
Address 
Latched 


1 
L 
L 
L 
X 
V 
Z 
Write 
Mode 


2 
L J 
L 
X 
V 
Z 
Data Written 


3 
J 
X 
X 
X 
X 
Z 
Write 
Completed 


4 
H 
X 
X 
X 
X 
Z 
Disabled 
(Same as ~ 1) 


5 
\.... 


X 
X 
V 
X 
Z 
Next 
Cycle 
(Same as 0) 


NOTES; 


1. 
MCM146S1a 
selected 
only 
if 
both S1 and 52 are low and deselected 
if 
either 51 or 52 is high. 51 and 52 are connected 
to E on the MCM14650B. 


2. 
The address within 
the memory 
will 
change only 
on falling 
E. 


• 
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Paramount 
in the 
mind 
of every 
semiconductor 
user is 


the 
question 
of 
device 
performance 
versus 
time. 
After 


the applicability of a particular devicehasbeenestablished, 
its effectiveness depends on the length of trouble-free 
service it can offer. The reliability 
of a device is exactly 
that - an expression of how well it will servethe customer. 


BASIC CONCEPTS 
It 
is essential to 
begin with 
an explanation of the 


various parameters of 
reliability. 
These are probably 


summarized best in the Bathtub Curve (Figure 1). The 
reliability 
of a device is characterized by three phases: 
infant 
mortality, 
random failure and wearout. When a 


device is produced there is often a small distribution 
of 


failure mechanisms which will exhibit 
themselves under 
relatively 
moderate stress levels and therefore 
appear 


early. This period of early failures, termed infant mortality, 
can often be reduced significantly through proper manu- 
facturing 
controls 
and screening techniques. The most 


effective period is that in which only occasional random 
failure 
mechanisms appear. This typically 
spans a long 


period of time with avery low failure rate. The final period 
is that 
in which the devices literally 
wear out due to 


continuous 
phenomena 
which 
existed 
at the 
time 
of manu- 
facture. Using reasonabledesigntechniques and selectivity 
in applications this period can easily be extended beyond 
the lifetime required by the user. 


Random 
Failure 
Mechanisms 


/~ 
J 
I 


Random Failure 
Both the infant mortality 
and random failure rate re- 


gions can be described through the same types of calcu- 
lations. 
During 
this time the probability 
of having no 


failures to a specific point in time can be expressedby the 


equation 
Po=e-X1 


where X is the failure rate and t is time. Since Xis changing 
rapidly during infant mortality, 
the expression does not 


become useful until the random period, whereX IS relatively 
constant. In this equation X is failures per unit of time. It 
is usually 
expressed in percent failures 
per thousand 


hours. Other 
forms 
include 
FIT 
(Failures in Time 
= 


[(%/103 
hrs) x 10-4 
= 10-9 
failures per hour) and MTTF 


(Mean Time To Failure) or MTBF (Mean Time Between 
Failuresl, both being equal to I/X and havingunits of hours. 


Since reliability evaluationsusually involve only samples 


of an entire population of devices, the concepts of the 
Central Limit Theorem apply and X is calculated using the 
X' distribution 
through the equation: 


X 0:;;; X' 
(a, 2r + 2) 


2nt 


Wherea = 100 - CL 
100 
CL 
Confidence Limit in percent 
Number of rejects 
Number of devices 
Duration of test 


The confidence limit is the degreeof conservatism desired 
in the calculation. The Central Limit Theorem states that 
the values of any sample of units out of a large popu· 
lation will 
produce a normal distribution. 
A 50% confi· 


dence limit 
is termed the best estimate and is the mean 


of 
this distribution. 
A 90% confidence limit 
is a very 


conservative 
value 
and 
results 
in 
a higher 
A which 
repre- 
sents the point at which 90% of the area of the distribu- 
tion 
is to the left of that value (Figure 2). The term 


(2r + 2) is called the degreesof freedom and is an ex- 
pression of the number of rejects in a form suitable to X' 
tables. 


50%CL~ 


I 


The 
number 
of 
rejects 
is a critical 
factor 
since 
the defi- 


nition 
of 
rejects 
often 
differs 
between 
manufacturers. 
While Motorola 
uses data 
sheet 
limits to determine 
failures, 
sometimes 
rejects 
are 
counted 
only 
if 
they 
are 
cata- 


strophic. 
Due to the 
increasing 
chance 
of a test not being 
representative 
of the 
entire 
population 
as sample 
size and 
test 
time 
are 
decreased, 
the 
X2 
calculation 
produces 
surprisingly 
high values 
of A for short 
test 
durations 
even 
though 
the 
true 
long-term 
failure 
rate 
may 
be quite 
low. 


For 
this 
reason 
relatively 
large amounts 
of data 
must 
be 
gathered 
to 
demonstrate 
the 
real 
long-term 
failure 
rate. 


Since 
this 
would 
require 
years 
of testing 
on thousands 
of 
devices, 
methods 
of 
accelerated 
testing 
have 
been 
developed. 


Years 
of semiconductor 
device 
testing 
has shown 
that 
temperature 
will accelerate 
failures 
and that 
this behavior 
fits the form 
of the Arrhenius 
equation: 


R (t, T) 
where 
R (t, T) 
Ro (t)e-0/kT 


Reaction 
rate 
as a function 
of time and temperature 
A constant 
with 
respect 


to temperature 
Time 


Activation 
energy 
in 
electron 
volts 
Boltzman's 
constant 
Temperature 
in degrees 
Kelvin 


To 
provide 
time·temperature 
equivalents 
this 
equation 
is 


applied 
to failure 
rate calculations 
in the form 


Time 
A constant. 


The Arrhenius 
equation 
states 
that reaction 
rate increases 
with 
temperature. 
This 
produces 
a 
straight 
line 
when 


plotted 
on 10g·linear 
paper 
with 
a slope expressed 
by 0.0 


may 
be physically 
interpreted 
as the energy 
threshold 
of a 


particular 
reaction 
or failure 
mechanism. 


The 
activation 
energy 
exhibited 
by CMOS 
integrated 


circuits 
varies 
from 
about 
0.7 
eV for serious contamination 


problems 
to about 
1.3 eV. Although 
the 
relationships 
do 


not 
prohibit 
devices 
from 
having 
poor 
failure 
rates 
and 


high activation 
energies, 
good performance 
often 
implies 
a 


high 
O. Studies 
by Bell Telephone 
Laboratories 
have indi- 


cated 
that 
an overall 
0 for semiconductors 
is 1.0 eV. This 


value 
has 
been 
accepted 
by the 
Rome 
Air Development 


Command 
for 
time-temperature 
acceleration 
in life 
testing 


specified 
in 
Method 
1005.1 
of 
MIL·STD·883A. 
Data 


taken 
by 
McDonnell 
Douglas 
and 
Motorola 
on 
CMOS 


devices 
has verified 
this number 
and it is therefore 
applied 


as our 
standard 
time-temperature 
regression 
for 
extrapola- 


tion 
of 
high 
temperature 
failure 
rates 
to temperatures 
at 


which 
the devices 
will be used. 


FIGURE 3 - 
NORMALIZED 
TIME-TEMPERATURE 


REGRESSIONS FOR VARIOUS 
ACTIVATION 


ENERGY VALUES 
l000/oK 


L2 


" 


I 
/ ','/"17" --) " 
1// / 1/ Y 


+ 


I 
I 
,I" 


II 'I 
/ / 
/ / 


Pl 
= 


- 
f 
=;z: 
IJ f-o- 
1:1 


Ii II 
j 1/ 1/ " 


/ 
" 


- 


'II 
I 
/ 
l%: 
'II 'j 
/ / l 
/ 


H +--, 


/ 
-= 


IV 
r-- 
- 
/ '/. LPl 
V 


== 


t-- 


'IV 
- 
I/V 
/ 


I 
I 
I 


1 
.1 
I 
I 
I 


The 
Arrhenius 
relationship 
can 
be used 
to determine 
the 
failure 
rate 
at temperatures 
other 
than 
the test 
tem- 
perature 
of 
the 
device. 
(Figure 
3 is a log·normal 
plot 


generated 
by the Arrhenius 
equation.) 
To accomplish 
this, 


the 
time 
in device 
hours 
(tl) and 
temperature 
(Tl) 
of the 


test 
are plotted 
as point 
Pl. 
A vertical 
line is drawn 
at the 
temperature 
of interest 
(T2) and a line with 
a 1.0 eV slope 


is drawn 
through 
point 
PI. 
Its intersection 
with the verti- 


cal line 
defines 
point 
P2, 
and determines 
the 
number 
of 


equivalent 
device 
hours 
(t2). 
This 
number 
may 
then 
be 


used with 
the X2 formula 
to determine 
the 
failure 
rate at 


the 
temperature 
of interest. 
Assuming 
Tl 
of 1250C 
at tl 


of 10,000 
hours, 
a t2 of 8.8 
million 
hours 
results 
in a T2 
of 500C. 
If one failure 
occurs 
in the 
10,000 
device 
hours 
of testing 
at 
1250C, 
the 
failure 
rate 
at that 
temperature 


will be 20%/1000 
hours 
using a 60% confidence 
level. One 
failure 
in 
the 
equivalent 
8.8 
million 
device 
hours 
at 
500C 
will 
result 
in a 0.023%/1000 
hour 
failure 
rate, 
as 
illustrated 
by Figure 
4. 
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For 
increased 
flexibility 
in working 
with 
a broad 
range of 


device 
hours, 
the 
time·temperature 
regression 
lines 
have 


been 
normalized 
to 
5000C 
and 
the 
time 
scale 
omitted, 


permitting 
the 
user 
to define 
the scale 
based 
on his own 


requirements. 


Three 
parameters 
determine 
the 
failure 
rate quoted 
by 


the 
manufacturer: 
the failure 
rate at the test temperature, 


the 
activation 
energy 
employed, 
and 
the 
difference 


between 
the test 
temperature 
and the temperature 
of the 


quoted 
A. 
A term 
often 
used 
in this manipulation 
is the 


"acceleration 
factor" 
which 
is 
simply 
the 
equivalent 
device 
hours 
at 
the 
lower 
temperature 
divided 
by 
the 


actual 
test device 
hours. 


Wearout 
Every 
device 
will 
eventually 
fail, 
but 
with 
reasonable 


care 
in design 
and 
application 
the wearout 
phase 
can be 


extended 
well beyond 
the 
lifetime 
required. 
During 
wear- 


out, 
as in 
infant 
mortality, 
the 
failure 
rate 
is 
changing 
rapidly 
and 
therefore 
loses its value. 
The 
parameter 
used 


to 
describe 
performance 
in this 
area 
is "Median 
Life" 


and is the 
point 
at which 
50% of the devices 
have failed. 


There 
are 
currently 
only 
two 
significant 
wearout 
mecha- 


nisms: 
electromigration 
of 
circuit 
metallization 
and 


electrolytic 
corrosion 
in plastic 
devices. 


Electromigration 
is the 
current 
induced 
mass transport 
of metallization 
due to high temperature 
and current 
den- 


sity. 
It is strongly 
affected 
by the type 
of metallization 
as 


well as the 
grain 
structure 
and surface 
sealing. 
It is there- 


fore 
important 
that 
the 
designer 
predict 
the 
maximum 


junction 
temperature 
of the device, 
the current 
on all space 


limited 
lines and the 
process 
characteristics 
such as thick- 


ness 
variation, 
grain 
size, 
and 
step 
coverage. 
With 
these 


parameters 
fixed, 
a median 
life goal can 
be selected 
and 


the metal 
width 
chosen 
accordingly. 
Reasonable 
consider- 


ation 
in 
the 
design 
phase, 
coupled 
with 
careful 
die 
in- 


spection, 
can 
therefore 
eliminate 
this 
phenomena 
as one 


of 
practical 
concern. 


A more pertinent 
mechanism 
is the 
electrolytic 
corro- 


sion of die metallization 
by moisture 
and applied 
voltage. 


Although 
it can occur 
in hermetic 
packages 
which 
are not 


properly 
sealed, 
hermeticity 
testing 
can easily 
prevent 
it. 


Adequate 
control 
of the 
plastic 
process 
will also provide 


a device 
which 
performs 
well under 
a wide 
range 
of nor- 


mal environments. 


Sampling 
Procedures 
There 
are 
primarily 
three 
methods 
of 
measuring 
how 
well a lot of product 
meets 
the quality 
and 
reliability 
re- 


quirements 
of the customer; 
100% testing 
using a Percent 


Defective 
Allowable 
(PDA), 
sampling 
based 
on an Accep- 


table 
Quality 
Level 
(AQL), 
and sampling 
based 
on a Lot 


Tolerance 
Percent 
Defective 
(LTPD). 
Since 
100% testing 


is 
time 
consuming 
and 
expensive, 
sampling 
procedures 


are 
typically 
employed 
to 
assure 
acceptably 
low 
defect 


levels. 


A PDA 
is simply 
a reject 
percentage 
above 
which 
the 
lot 
will 
be 
rejected. 
Depending 
on 
how 
the 
PDA 
was 


derived, 
it 
mayor 
may 
not 
be statistically 
sound. 
The 


availability 
of theoretically 
accurate 
sampling 
plans 
in the 


various 
military 
specifications 
has led to wide use of AQL 
and 
LTPD plans. 
Depending 
on lot size and sample 
size, 
three 
different 
probability 
distributions 
may 
be used 
to 
derive 
the sampling 
plan: the Binomial, 
the Hypergeometric 


and 
the 
Poisson. 
The 
assumptions 
of a particular 
sample 


size 
(n) and 
acceptance 
number 
(c) and the 
use of these 
distributions 
will 
generate 
an 
Operating 
Characteristic 
(DC) Curve 
as shown 
in Figure 
5. The AQL 
is defined 
at 


the 
95% 
probability 
of 
lot 
acceptance 
level 
while 
the 
LTPD is defined 
at the 
10% level. The AQL point describes 
the 
Producer's 
Risk of rejecting 
a good 
lot (5%) while the 


LTPD 
point 
describes 
the 
Consumer's 
Risk of accepting 
a 
bad 
lot 
(10%) 
given 
that 
the 
incoming 
product 
contains 
the percent 
defective 
p. 


It is important 
to remember 
that 
although 
the concepts 


of 
Producer's 
and Consumer's 
Risk are utilized 
to describe 


AQLs 
and 
LTPDs, 
both 
are merely 
indicators 
of the 
per- 


formance 
of the original 
population. 
Both 
plans are widely 
used 
by 
manufacturers 
and 
users 
alike. 
By definition, 
LTPDs 
employ 
fixed 
sample 
sizes while AQL plans adjust 
the 
sample 
size according 
to the lot size. As in the case of 


failure 
rate 
determination, 
the 
criteria 
established 
to 
determine rejects and their interpretation 
are key factors 


in determining 
the 
performance 
of lots during 
inspection. 


THE SOURCE 
OF RELIABILITY 
One 
of 
the 
most 
popular 
sayings 
about 
reliability 
is 


that 
it must 
be "built 
in," 
not 
"tested 
in." 
Every 
manu· 
facturing 
process 
exhibits 
a distribution 
of quality 
and 
reliability. 
The intent 
of the 
saying 
is that 
this distribution 
must 
be controlled 
to assure 
a high mean 
value, 
a narrow 
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range 
and a consistent 
shape. 
Through 
proper 
design 
and 


process 
control 
this can be accomplished, 
thereby 
reducing 


the task of screening 
programs 
which 
attempt 
to eliminate 


the lower 
tail of the distribution. 


Design 
A close interface 
must be maintained 
between 
reliability 


and 
design. 
For 
this 
reason 
a large part 
of the 
reliability 


effort 
is dedicated 
to 
a day 
by day 
interface 
with 
the 


device 
design 
and processing 
groups. 
Through 
this mutual 


effort 
new techniques are evaluated and proven before 


they 
are committed 
to 
production. 
Special 
test 
vehicles 


are generated 
and 
experiments 
performed 
to 
verify 
that 
the 
performance 
of 
new approaches meets or exceeds 


the 
standards 
of the 
product 
line. This 
effort 
is not 
only 


a 
beneficial 
application 
of 
reliability 
principles 
but 
an 


absolute 
necessity 
to 
provide 
the 
rapid 
product 
develop· 


ment 
demanded 
by the dynamic 
integrated 
circuit 
market· 


place. 


Processing 
In addition 
to the design 
interface, 
reliability 
engineers 


work 
closely 
with 
process 
engineers 
in both 
the wafer 
and 


assembly 
areas. 
As 
each 
new 
process 
is developed, 
it is 


also 
tested 
to 
assure 
that 
it presents 
no hazards 
to 
the 


reliability 
of the 
ultimate 
product. 
This 
testing 
is an ex- 


tensive 
qualification 
program 
which 
is performed 
indepen- 


dently 
on processes, 
packages 
and designs. 
New 
wafer 
processes 
are 
qualified 
using 
prototypes 


of production 
devices. 
Each 
new 
package 
is tested 
using 


methods 
based 
on 
MIL-STD-883. 
Assembly 
process 
changes 
are qualified 
by employing 
them 
in the construc· 


tion 
and 
testing 
of 
well-characterized 
products. 
After 


these 
primary 
level 
qualifications, 
wafer 
processes 
are 


generically 
qualified 
in new 
packaging 
systems 
to assure 


process-package 
compatibility. 
While 
assembly-oriented 


qualifications 
center 
around 
the 
thermal-mechanical 
sequences 
of 
MIL-STD-883, 
wafer 
process 
qualifications 


emphasize 
dynamic 
high 
temperature 
stress 
testing. 
(See 


Figures 
6 and 7). 
After 
testing 
has 
proven 
the 
performance 
of 
the 


process, 
it is specified 
and documented 
to provide 
a base- 


line 
for 
process 
control. 
Beyond 
the 
detailed 
process 


control 
efforts 
of 
the 
process 
engineering 
groups, 
an 


In·Process 
Quality 
Control 
(IPQCI 
group 
exists 
to assure 


that 
process 
control 
is 
meeting 
its 
objectives. 
!PQC 


accomplishes 
this 
through 
surveillance 
of both 
the wafer 


and 
assembly 
areas 
(see Figure 
Bl. There 
are two 
major 


inspection 
points 
in 
the 
wafer 
processing areas: 
CV 


Plotting 
and Final Visual. 
Samples 
from 
each wafer 
lot are 
stringently 
tested 
for voltage 
shift 
and inspected 
for gold 


backing 
and 
visual 
defects. 
The 
three 
major 
inspection 


points 
in the 
Assembly 
Area 
are 
Die 
High 
Power, 
Die 


Bond-Wire 
Bond and Pre·Cap. 


Test 
MIL·STD-883 
Test 
Test Method 
Condition 


Operating Life 
100S 
N/A 


High Temperature 
Storage 
N/A 
1S0oC 


Temperature 
Cycle 
1010 
C 


Thermal 
Shock 
1011 
C 


Thermal 
Resistance 
N/A 
N/A 


Mechanical Shock 
2002 
B 


Constant Acceleration 
2001 
E 


Vibration, 
Variable Frequency 
2007 
A 


Wire Pull (Hermeticl 
2011 
0 


T emperature- 
Hum 
idi tv-S 
ias 
N/A 
8SoC/8S% 
(Plastic) 
RH/10V 


Moisture 
Resistance 
1004 
Unbiased 


Salt Atmosphere 
1009 
A 


Solderability 
2003 
260°C 


Lead Fatigue 
2004 
82 


Marking Permanency 
201S 
N/A 


Physical Dimensions 
2016 
N/A 


All 
of 
1hese inspection points are known as "Gate 
Inspections" 
and are performed 
on 
lots of 
material. 


Wafers are grouped into lots which generally consist of 
thirty 
to fifty 
wafers while individual devicesare grouped 
into assembly orders consisting of 500 to 2000 devices. 
Each lot or assembly order is submitted to 
In·Process 
Quality Assurance Gate Inspection. If accepted, they are 
passed to 
the next 
operation, 
while failed material is 


returned 
to 
Production 
for 
100% screening. Only the 


wafers or 
devices that 
meet all established standards 


are accepted 
for continued 
processing. 


"Monitor" 
inspections 
are 
performed 
in the 
assembly 


area 
on each 
individual 
machine 
and 
operator. 
The 
moni- 


tors 
are 
designed 
to 
control 
the 
operation, 
and 
provide 
feedback of quality problems to the responsibleproduction 


supervision. 
Periodic 
line 
audits 
are 
used 
to 
check 
for: 


1. 
Documented procedures on eachoperation 


2. 
Proper usageof specifications 


3. 
Up-to·date calibration of equipment 
4. 
Proper settings on equipment 
5. 
Housekeeping 
6. 
Safety precautions. 


In addition 
to product-oriented 
surveillance. 
all incoming 
materials, including wafers, mask, chemicals, piece parts 
and.molding compounds, are inspected prior to use. Each 
supplier is qualified through the joint efforts of Incoming 
Quality Control and Reliability 
Engineering, and continu- 


ously rated to assureconsistency. 
Comprehensive training programs are provided for all 
domestic and off·shore personnel, new plant start·ups, 
changesin specifications, or processchanges.The primary 


objective 
is to 
evaluate 
the 
material 
in process 
and 
assure 


that CMOS products meet the levels of reliability 
and 


quality 
which 
are consistent with 
the requirements of 


our customers. 


SCREENING 


During 
the 
lifetime 
of 
the 
semiconductor 
industry. 
a 


wide 
variety 
of 
screening 
techniques 
have 
evolved 
to 


eliminate the lower tail 
of the process distribution 
dis- 


cussed previously. These techniques may be categorized 
in two ways, as illustrated by the two axes of the matrix 
in Figure 9. The performing agency varies, depending on 
the type and purpose of the test. Most screensutilized by 
the industry today are based on MIL-STD·883 
and are 


employed by Motorola in the variouscategoriesof Figure 9. 


Several 100% visual screens are performed 
during 


assembly using both stereozoom and metallurgical micro- 
scopes. Subsequent sampling is performed by In·Process 
Quality 
Control 
as described above. The assembly me- 


chanical tests for hermetic product consist of: 


1. 
Gross leak sampling 
2. 
Temperature cycling 
3. 
Krypton-85 fine testing. 


At the end of the assembly process, production final 


test 
screens 
the 
product 
with 
a comprehensive 
series 
of 


DC, functional, 
and speed·oriented electrical tests. These 


tests 
are 
normally 
more 
stringent 
than 
data 
sheet 
require- 


ments and are sampled by Outgoing Quality Control per 
the flow chart of Figure 10. 
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TEST 
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TEST 
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ELECTRICAL 
TEST 


VERIFY 
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CHARACTERIZE 
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VERIFY 
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CHARACTERIZE 


PROCESS CONTROL 


PATTERNS 
(OPTIONAU 


D.C. BIAS STRESS 


MINIMUM 
SAMPLE" 
15 


TA"'lS00C 


168 
HR 


ELECTRICAL 


TEST 


504 
HA 


ELECTRICAL 
TEST 


{ 


'00· 


DIE 
BONO 


WIRE 
SOND 


INSPECTION 


'00 
D" 
HIGH 


POWER 


INSPECTION 


Visual 
Thermal! 
Electrical 
Environmental 
Category 
Inspection 
Mechanical 
Testing 
Stress 
Testing 


100% 
Assembly 
Assembly 
Final Test 
Production Burn·in 
Sampling 
In-Process 
QC 
In-Process 
QC 
Outgoing 
QC 
Lot Processi ng 


Outgoing 
QC 
Quality 
Assurance 
Qualification 
Testing 
Reliability 
Engineering 


• 


Outgoing 
QC performs electrical inspections as out- 


lined below. These consist of DC and functional tests and 
are performed to an LTPD of 5 with a 0 accept number. 


Visual 
inspections 
are 
also 
performed 
using 
the 
same 
LTPD and in both casesthe lots are returned for 100% 
rescreen if failed. The production final test philosophy is 
described and compared to the Outgoing Quality Control 
tests in Figure 11. In addition to the techniques described 


here, 
a Quality 
Assurance 
organization 
exists 
to 
approve 
final test programs and conduct periodic monitors of all 
products 
for 
a wide variety of environmental 
life and 
electrical tests. 


Various methods are touted 
for 
reducing the infant 
mortality 
of CMOS including. temperature cycle, thermal 


shock. high temperature testing, stabilization 
bake and 
burn-in. 
Temperature cycle 
is a standard part of 
the 
ceramic assembly processwhere it is useful for detecting 
hermeticity problems. but asa screen, it is usually directed 
toward 
wire bond failures in plastic. The data included' 


in the System Implementation section adequately demon- 
strates 
that 
several 
hundred 
cycles 
at extreme 
temper· 


ature 
ranges 
are 
required 
to 
produce 
failures 
in Motorola 
plastic CMOS and that thermal shock is even lesseffective. 
There 
is obviously 
no benefit 
in thermal 
cycling 
for 


eliminating 
infant 
mortality 
in Motorola 
Plastic CMOS. 


and the high temperature continuity 
data support the 


same 
conclusion. 
Stabilization 
bake 
was 
introduced 


for 
unpassivated discrete products and did have a signi- 


ficant effect. With properly passivatedintegrated circuits 
and Motorola product in particular. the effect of a bake 


is insignificant 
since 
no 
bias 
is present 
to 
drive 
mobile 


ions or stress junction 
defects. Cost adders for 
bakes 


are 
particularly 
misleading 
since 
the 
sealing 
temperature 


of 
ceramic packges performs this function 
and a cure 


cycle is always part of the plastic process. 


Constant acceleration is occasionally required for her- 


metic product testing. The intent of this centrifuge test 
is to exert a force on the wire bonds which would detect 
latent 
failures. 
Calculations 
have shown that 
even at 


30,000 Gis, a higher than normal military 
requirement, 


the force on a wire is in the order of 100 mg. This is insig- 
nificant compared to a wire pull averageof at least 7000 
mg. Since each wire bonder is sampled continuously 
to 


provide constant control, centrifuge becomes a needless 
screen. Occasionally die bonds can fail 
in a centrifuge 


test. 
but 
Motorola 
controls 
this factor 
by employing 


stringent wetting criteria in a 100%visual screenenforced 
by In-Processbc. 


Burn-in 
remains 
the 
only 
screening 
technique 
which 
is 


effectivet 
in 
eliminating 
infant 
mortality_ 
To 
characte~ize 


1. Functional. VDD = 3 Volts 
VDD = 18 Volts 


2. LeakageCurrent (lDD). VDD = 5 Volts 


VDD = 15 Volts 


4. Output Current (IOH/IOLl. 
VDD = 5 Volts 
VDD = 10 Volts 


5. Input Voltage (VILIVIH), 
VDD = 5 Volts 


(Noise Immunity) 


7. Output Saturation Current2 (lsat). VDD = 5 Volts 


(Unbuffered GatesOnly) 


NOTES 1. Data Sheet Limits (No Guardband) 


2. Guarantees tTLH. tTHL. tPLH. tPHL, VDD = 5 Volts 


1. Functional. VDD = 3 Volts 


VDD = 18 Volts 


2. LeakageCurrent (lDD). VDD 
= 5 Volts 


VDD = 10 Volts 
VDD = 15 Volts 


3. Output Voltage (VOHIVOL). 
VDD = 5 Volts 
VDD = 10 Volts 
VDD = 15 Volts 


4. Output Current (IOH/IOL). 
VDD = 5 Volts 
VDD = 10 Volts 
VDD = 15 Volts 


5. Input Voltage (VILIVIH). 
VDD = 5 Volts 


(Noise Immunity) 
VDD = 10 Volts 
VDD = 15 Volts 


its effect, 
a large group 
of devices 
consisting 
of seven lots 
of three 
device 
types 
were 
burned 
in for 
24·hour 
incre· 
ments. 
Of 873 devices 
tested, 
only nine failed 
over a 1000· 


hour 
test at 1250C 
and 15 volts. These failures 
all occurred 
within 
the 
first 
216 
hours 
as 
indicated 
in 
the 
upper 


curve 
of Figure 
12. The 
lower 
scale 
indicates 
the 
burn·in 
time 
at 
1250C 
while 
the 
upper 
scale 
gives the 
equivalent 
system 
time 
at 500C. The 
lower 
curve 
plots 
the resultant 


failure 
rate 
after 
the 
period 
of burn·in 
on the lower 
scale. 
A 48·hour 
burn·in 
has 
a dramatic 
effect 
and 
168 
hours 
eliminates 
nearly 
all the failures. 
For this reason 48, 96, and 
168-hour 
burn·ins 
are offered 
as standard 
screens 
and the 
only 
technique 
considered 
effective 
for Motorola 
CMOS. 


SYSTEM 
IMPLEMENTATION 
Assessing 
System 
Requirements 
The 
reliability 
needs 
of each 
system 
and 
application 
differ 
significantly, 
so the 
various 
aspects 
of component 


performance 
must 
be 
analyzed 
separately. 
The 
two 
parameters 
which 
should 
be addressed 
initially 
are infant 


mortality 
and 
long·term 
random 
faifure 
rate. 
Systems 
with 
large numbers of components require greater com- 
ponent 
reliability. 
Infant 
mortality 
should 
be estimated 
and 
used 
to calculate 
service 
costs. 
This 
data 
should 
be 
balanced 
against 
the cost of a burn·in 
and possibly 
a board 
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or system 
burn·in. 
Long·term 
reliability 
goals 
should 
be 
established 
for 
the 
system 
and 
used 
to 
calculate 
the 


necessary 
long-term 
failure 
rate 
for 
the 
components. 


Long·term 
failure 
rates 
cannot 
be effectively 
improved 
by 


short burn·ins 
unless they 
include 
infant 
mortality 
failures. 


(Infant 
failures 
are 
included 
in Motorola 
data.) 
Infant 


mortality 
can 
be 
effectively 
screened 
by 
short·term 


accelerated 
stress 
testing 
such 
as a 48·hour 
high tempera· 


lUre 
burn·in. 
The 
concepts 
defined 
earlier 
can 
be used 


to 
relate 
the 
burn·in 
to 
equivalent 
system 
hours. 
Often, 


customers who are experiencing problems fail to distin- 
guish 
between 
infant 
mortality, 
long·term 
reliability 
and 


wear·out. 
It 
is imperative 
that 
failure 
patterns 
be suffi· 


ciently 
investigated 
and 
recorded 
to 
accomplish 
this. 


Buying 
a Hi Rei device 
will 
not 
solve 
a problem 
caused 


by 
poor 
handling or an unforeseen overstress in the 


application. 


The 
system 
environment 
should 
be given careful 
can· 


sideration 
when 
choosing 
between 
plastic 
and 
hermetic 


packages. 
Sustained 
high 
temperature 
and 
humidity 
will 
accelerate 
the 
corrosion 
wearout 
mechanism 
in plastic. 


Office 
environments, 
however, 
will 
rarely 
produce 
a de· 


tectable 
difference 
in plastic 
and hermetic 
packages. 
Since 


the die and wire 
bonding 
systems 
are totally 
encapsulated 


in plastic, 
these 
packages 
can often 
outperform 
hermetics 


FIGURE 12 - CUMULATIVE 
PERCENT FAILURE 
AND 
RESULTANT 
FAILURE 
RATE VS. BURN·IN 
PERIOD 
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for 
mechanical 
shock 
and 
vibration 
resistance. 
The 
po· 
tential 
for 
moisture 
condensation 
should 
be evaluated 
in 


light of the 
lead material 
and finish, 
whether 
the package 


is hermetic 
or 
plastic. 
Unusually 
moist 
or contaminated 
atmospheres 
can 
rapidly 
corrode 
ferrous 
metals 
under 
bias, regardless 
of the finish 
material. 


Cost·effectiveness 
is also influenced 
by the 
number 
of 


defective 
units 
received 
by the 
customer. 
For va~ious rea- 
sons, a small percentage 
of product 
is defective 
as received. 
This may be due to handling, 
correlation, 
shipping 
damage 


or a host of minor 
difficulties. 
The percentage 
of these 
de- 


fects 
should 
be less than 
one 
percent 
and any significant 


levels should 
be discussed 
with 
the 
vendor 
immediately. 


Comparing 
Competitors' 
Data 


Every 
manufacturer 
has a slightly 
different 
method 
of 


generating 
his reliability 
data. 
It is therefore 
difficult 
for a 


user inexperienced 
in reliability 
calculations 
to make a valid 
comparison. 
Toward 
this 
end 
the 
concepts 
introduced 
earlier 
will 
be 
of great 
value. 
The 
following 
parameters 


should 
be 
verified 
before 
any 
conclusions 
of 
vendor 


superiority are drawn. 


1. 
Confidence 
limit 


2. 
Reject 
criteria 
(degradation, 
data sheet, 
functional, 


catastrophic, 
specific 
mechanisms 
I 
3. 
Temperature 
of test 
4. 
Activation 
energy 


5. 
Chi Square 
distortion 
of failure 
rate 
due to a low 


number 
of device 
hours 
and failures 


6. 
Biasing configuration 
7. 
Test 
monitoring 
(system 
failures 
can 
produce 
im- 


pressive 
results 
due 
to 
less stringent 
stress 
being 
applied 
to the device!. 


Only 
if all 
these 
factors 
are 
considered 
can 
a truly 


objective 
comparison 
be made. 


MOTOROLA 
DATA 
FOR PLASTIC 
PACKAGE 
DEVICES 


The 
f,!lIowing 
data 
presents 
all the significant 
perfor- 


mance 
characteristics 
of 
CP-suffixed 
plastic-packaged 
devices. Of 
particular 
interest 
in the verification 
of a 


0.04%/1 ODD-hour 
failure 
rate; 
an 
impressive 
reduction 
from 
the 
0.12%/1600-hour 
value 
reported 
previously. 


Other 
parameters 
continue 
at 
levels 
similar 
to 
those 


previously 
published. 


BREAK 
IN PROCESS 
DIE BOND 


QUALITY 
CONTROL 


(tPQC) DIE 


HIGH POWER GATE 


IPQC 
WIRE PULL 
MONITOR 


OUTGOING 
QUALITY 
CONTROL 


VISUAL! 
MECHANICAL 
GATE 


OUTGOING 
SAMPLE 
ELECTRICAL 
TEST 


• 


Die 
Glassivated 
Lead Frame 
Alloy 42 
Die Bond 
Eutectic 
Wire 
Gold 
Wire Bond 
Thermocompression 
Molding 
Compound 
Epoxy 
Novalac 
Mold Method 
Transfer 
Lead Finish 
Tin Plate or Solder 
Dip 


Life Test Data 
Extensive 
life testing 
has generated 
a large and impressive 


data 
base which 
totally 
replaces 
that 
of earlier 
reports. 
All 


testing 
was 
performed 
at a temperature 
of 1250C 
with 
a 
15 volt bias. Failures 
were verified 
and are included 
whether 


they 
are catastrophic 
or 
merely 
slight 
parametric 
drifts. 


Moisture·Related 
Performance 
One of the primary 
considerations 
in choosing 
a plastic 


package 
is its 
susceptibility 
to 
moisture 
ingression 
and 


corrosion. Since no plastic material forms an impervious 
barrier 
to 
moisture 
and 
its 
adhesion 
to 
the 
leadframe 


material 
is not 
perfect, 
moisture 
can enter 
the package 
by 


diffusing 
through 
the 
bulk 
material 
or wicking 
along 
the 
interface 
between 
the 
plastic 
and 
the 
metal 
leadframe. 
When 
moisture 
reaches 
the surface 
of the die, the applied 
potential 
forms 
an 
electrolytic 
cell 
which 
corrodes 
the 


aluminum, 
affecting 
DC parameters 
through 
its conduction 


and 
eventually 
causing 
catastrophic 
failure 
by opening 
the 
metal. 
The presence 
of contaminants 
greatly 
accelerates 
the 
reaction 
as does excessive 
phosphorous 
in the glassivation. 
Thus, 
careful 
controls 
are 
maintained 
on 
phosphorous 


concentration, 
cleaning 
techniques 
and molding 
processes. 


Three 
popular 
techniques 
exist for determining 
the per· 


formance 
of 
components 
in the 
presence 
of 
moisture; 


Pressure 
Temperature 
Humidity 
(Autoclave), 
Pressure 


Temperature 
Humidity 
Bias 
(PTHB) 
and 
Temperature 


Humidity 
Bias (THB). 
Each test is used to achieve different 


objectives 
based 
on their 
sensitivity, 
length 
and difficulty. 


Autoclave 
is the 
quickest 
and simplest 
but the least effec· 


tive 
since 
no bias is applied. 
It will detect 
only 
the 
most 
extreme 
contamination 
problems 
and 
provide 
little 
basis 


for 
distinguishing 
between 
groups 
of 
material 
since 
the 


lack of bias creates 
a condition 
which 
is atypical 
of actual 


use. PTHB 
is an excellent 
indicator 
of performance 
which 


distinguishes 
well 
and 
is quick, 
but 
which 
is difficult 
to 


perform. 
The 
presence 
of 
bias 
under 
these 
extreme 
con· 


ditions 
causes 
rapid 
corrosion 
of all metal 
surfaces 
includ· 


ing the 
device 
leads, 
sockets 
and 
PC board 
traces. 
The 
board 
often 
warps 
and this, 
in conjunction 
with 
corrosion, 


leads to open 
circuits 
during 
the test which 
produce 
either 
a relatively 
benign 
Autoclave 
condition 
or an 
electrical 


overstress. 
THB 
is the 
most 
reliable 
test 
method, 
but 
it 


requires 
much 
more 
time 
to 
develop 
failures. 
Board 
and 
socket 
problems 
are much 
less severe. 
Unlike 
PTHB, THB 


boards 
can be reused. 
In each of these 
tests, 
it is imperative 


that 
the 
chambers 
be 
kept 
clean 
and 
water 
purity 
be 


controlled. 


Listed 
below 
is data 
generated 
from 
each 
of the 
three 


methods 
which 
is 
representative 
of 
current 
CMOS 


production. 


AUTOCLAVE 
Conditions 
- 
15 psig, 1210C, 
100% RH, 24 hrs. 


Percent 
Failure 
o 


PRESSURE 
TEMPERATURE 
HUMIDITY 
BIAS 


Conditions 
- 
15 psig, 1210C, 
100% RH, 10 V, 12 hrs. 


Lots 
Percent 
Failure 


70 
1.46 


§ 
~ 
w 
0.001 


!;( 
a: 


a:3 


~ 0.0001 


Number of Wafer Lots . . . • . . 
. •..•..... 
79 


Number of Devices . 
. ... 
6724 


Failures. 
. 68 


Equivalent Device Hours@850C. 
. 
1.77)( 
108 


VOO' 
..•.••..... 
15V 


Activation 
Limit 
...........•......... 
1.0 eV 


Confidence 
Limit. 
. . . . . . . . . . 
. 
60% 


Temperature 
Humidity 
Bias 
Data 
of this type 
is often 
useful 
in comparing 
vendors 


if 
all 
the 
conditions 
are 
identical. 
Unfortunately, 
very 


little 
work 
has been 
done 
to generate 
acceleration 
factors 


for 
these 
tests, 
and 
even 
small 
differences 
in parameters 
may 
produce 
dramatic 
changes 
in the 
results. 
The 
best 


effort 
to date was a study 
of various 
THB conditions 
which 


resulted 
in an empirical 
model 
for THB 
life versus vapor 


pressure. 
The model 
takes 
the form 
and is plotted 
in Figure 


15. A vapor 
pressure 
chart 
is also provided 
in Figure 
16 


to simplify 
the estimation 
of median 
life. 
It must 
be emphasized 
that 
this is an estimation 
since 


the 
plot 
extrapolates 
to values 
beyond 
the 
age of CMOS 


technology 
and 
beyond 
the test conditions 
normally 
used 


by Motorola. 
Wide negative 
variations 
from 
this 
plot 
can 


be 
expected 
if devices 
are 
exposed 
to 
contaminants 
or 


positive 
variation 
can 
be 
achieved 
through 
the 
proper 


use of conformal 
coatings 
or potting 
compounds. 


Thermal 
Cycling 
Performance 
The 
plastic 
package, 
unlike 
the 
ceramic 
package, 
has 


no cavity 
so the wires are in contact 
with 
the encapsulant. 


The difference 
in the thermal 
coefficient 
of expansion 
be- 


tween 
the 
wires, 
encapsulant 
and 
leadframe, 
therefore, 


FIGURE 14 - 
CUMULATIVE 
PERCENT FAILURES ve•• us 
TIME 
(Conditions. 
85°C. 
85% RH, 10 V) 
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• 


cause 
stress 
to develop 
as the device 
is cycled 
over a range 


of 
temperature. 
Since 
most 
leadframes 
are 
Alloy 
42, 


differences 
in 
the 
ability 
to 
withstand 
this 
stress 
are 


dependent 
on 
the 
wirebonding 
and 
molding 
processes. 
The 
degree 
to which 
these 
processes 
are 
engineered 
and 


controlled 
determines 
the 
thermal 
cycling 
performance 
of the device. One particular 
occurrence 
which has improved 
. 


this 
performance 
is the 
increasing 
shift 
to 
automatic 


wirebonding. 
This 
technique 
provides 
an extremely 
con- 


sistent 
bond 
which 
has 
been 
unattainable 
with 
manual 


systems 
and 
dramatically 
reduces 
lot to lot variations 
in 


the 
testing 
described 
below. 
Three 
tests 
characterize 


thermal 
cycling 
performance; 
High 
Temperature 
Con- 
tinuity, 
Thermal 
Shock 
and 
Temperature 
Cycle. 
High 
Temperature 
Continuity 
is employed 
as a routine 
pro- 
duction 
monitor 
as well 
as a readout 
test 
for 
Thermal 


Shock 
and Temperature 
Cycle. 
A complete 
electrical 
test 


is also 
done 
at 
each 
readout 
of 
the 
shock 
and 
cycling 


sequences 
so the 
data 
provided 
includes 
parametric 
and 


functional 
failures 
in addition 
to opens 
and intermittents. 


The 
following 
data 
displays 
the 
performance 
of current 


plastic 
integrated 
circuits 
under 
each 
of these conditions: 


HIGH TEMPERATURE 
CONTINUITY 


Conditions 
- 
1250C, 
Forward 
Bias Current 
No prescreening 
or stressing 


Units 
26,897 


RejecU 
o 


THERMAL 
SHOCK 


Conditions 
- 
MIL·STD·883A 
Method 
1011.1, 
Condition 
C 


-650C 
to +1500C 


Units 
688 


Cycles 
Cumulative 
% Failures 
150 
0.45 
300 
0.45 


450 
0.45 


600 
0.75 


TEMPERATURE 
CYCLE 
Conditions 
- MIL-STD-883A 
Method 
1010.1, 
Condition 
C 
-650C 
to +1500C 


Units 
1883 


Cycles 
Cumulative 
% Failures 
100 
0 
150 
0.29 


300 
0.61 
500 
1.10 
750 
1.84 
1000 
2.72 


The 
unstressed 
High 
Temperature 
Continuity 
data 
is 


excellent, 
reflecting 
the 
engineering 
behind 
Motorola's 


plastic 
packaging 
system. 
The Thermal 
Shock 
data 
is also 


good 
and 
exhibits 
a more 
shallow 
slope 
than 
the 
Tem- 


perature 
Cycle 
data. 
This 
is consistent 
with 
previous 
data 


and 
demonstrates 
an apparent 
effect 
of the 
longer 
dwell 


time 
used 
for 
cycling. 
Although 
more 
time-consuming, 


temperature 
cycle 
puts 
a greater 
stress 
on the device than 


thermal 
shock. 
The 
most 
significant 
attribute 
of the data 


is that 
hundreds 
of cycles 
are required 
to produce 
failures 


even at the extreme 
conditions 
employed 
here. The use of 


temperature 
cycle as a screen 
is therefore 
not cost-effective 


since no significant 
early failures 
are detected. 


CERAMIC 
PACKAGE 
DEVICES 
This 
section 
describes 
the 
package, 
processing 
and 
life 


test 
performance 
of all ceramic 
packaged 
CMOS devices. 


These 
families 
bear 
a CL 
or 
AL 
suffix 
designating 
the 


commercial 
(-400C 
to 850C) or military 
(-550C 
to 1250C) 


temperature 
range. 
The 
AL device 
also 
receives 
a more 


stringent 
internal 
visual 
inspection. 
ten temperature 
cycles 


instead 
of five and tighter 
electrical 
testing. 


Die 
Glassivated 


Leadframe 
Alloy 
42 


Die Bond 
Eutectic 


Wire 
Aluminum 


Wire Bond 
Ultrasonic 


Package 
Body 
Alumina 


Lead Finish 
Tin Plate 


Die 
Glassivated 


Die Bond 
Eutectic 


Wire 
Aluminum 


Wire Bond 
Ultrasonic 


Seal 
Solder 
with 
gold 
plated 
Kovar lid or 


Glass frit with 
alumina 
lid 


Package 
Body 
Glass laminated 
alumina 


Metall ization 
Gold plated 
tungsten 


Leads 
Gold or tin plated 
Kovar 


IPQC 
WIRE PULL 
MQNITOR 


IN PROCESS 
QUALITY 
CONTROL 
OPQC) DI~ 
HIGH-POWER GATE 


IPQC DIE 


BOND/WIRE 
BOND GATE 


IPQC 


SOLDERABILITY 


AND VISUAL 
GATE 


• MIL-STD 883A Method 1010.1 


Condition C -650C 
to 1500C 


CL - 
5 cycles 


AL - 
10 cycles 


LIFE TEST OATA 
Life testing 
of CL devices 
is performed 
at 1250C 
and 


15 volts 
while 
the 
AL series 
is stressed 
at 2000C 
and 
15 


volts. 
The 
resultant 
CL data 
is similar 
to the 
CP data, 
as 


can be expected 
since the plastic 
process 
has no significant 


effect 
on 
the 
die 
and 
the 
electrical 
test 
screens 
for both 


products 
are 
identical. 
Although 
the 
larger 
plastic 
data 


base 
results 
in a better 
failure 
rate, 
the 
choice 
between 


these 
families 
should 
be made 
on 
the 
basis 
of environ- 


mental 
constraints 
on the package 
rather 
than 
a significant 


difference 
in 
life 
test 
performance. 
The 
AL series 
does 
provide 
an 
increased 
temperature 
range 
and tighter 
elec- 


trical 
limits 
and 
is more suitable 
where 
higher 
reliability 
is 


required. 
This performance 
is limited 
mainly 
by the size of 


OUTGOING 
QUALITY 
CONTROL 
SAMPLE 
ELECTRICAL 
TEST 


OUTGOING 
QUALITY 
CONTROL 
SAMPLE 
VISUAL/MECHANICAL 


GATE 


the 
data 
base 
and would 
appear 
significantly 
better 
than 


the 
CP and CL families 
if'a 
similar 
sample 
size were used. 


Life Test Techniques 
Motorola 
uses a standard 
life test 
and 
burn-in 
temper- 


ature 
of 1250C with 
the 
exception 
of AL life testing 
which 


may 
be performed 
at 
200oC. 
Fifteen 
volts 
is applied 
to 


Voa 
in all cases and 
is significant 
due 
to the 
inability 
of 


many 
competitors 
to 
perform 
successfully 
at 
1250C 
in 


excess 
of 
10 
volts. 
Various 
independent 
studies 
have 


indicated 
that 
the voltage 
acceleration 
factor 
for comparing 


15 volt data to 10 volt data ranges from 
2 to 10. 


Biasing patterns 
can also determine 
the amount 
ofstress 
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LL. 0.0001 


Commercial 
Military 
MC14XXXCl 
MC14XXXAl 
Temp. 
Range 
-40 
to +850C 
-55 
to +1250C 


Number 
of 
10 
70 
Wafer 
Lots 


Number 
of 
1175 
697 
Devices 
Equivalent 
3.01 xl07@850C 
3.40x 
106@1250C 
Device Hours 
Number 
of 
15 
9 
Failures 


VDD 
15V 
15V 
Activation 
1.0 eV 
1.0 eV 
Energy 
Confidence 
60% 
60% 
Limit 


on 
the 
circuit. 
Since 
the electric 
field 
created 
by the cir- 
cuit 
biasing 
determines 
the 
level of stress, 
a worst 
case 
condition 
is 
achieved 
by 
maximizing 
the 
number 
of 
internal 
components 
to 
which 
a potential 
difference 
is 
applied. 
In most 
SSI and MSI devices, 
this can be achieved 
through 
the careful 
choice 
of a static 
pattern 
while 
more 
complex 
circuits 
require 
dynamic 
biasing to access internal 
nodes. 
Static 
bias provides 
a greater 
stress on an individual 
transistor 
while 
dynamic 
bias maximizes 
the 
number 
of 
devices 
biased 
at a lower duty 
cycle. 


System 
failures 
in the field may occur upon catastrophic 
device 
failure 
or merely 
with 
parametric 
degradation 
if the 
circuit 
is more 
sensitive. 
It is, therefore, 
important 
that 


electrical 
readouts 
test 
parametrics 
as well as functionality 
in the same manner 
as the production 
final test program. 


Proper 
evaluation 
of rejects 
and feedback 
to processing 


can 
occur 
only 
through 
intensive 
failure 
analysis. 
To 


support 
the processing 
areas, 
product 
groups 
and R & GA, 


a Product 
Analysis 
Laboratory 
exists. 
"State-of-the-art" 


analytical 
tools 
are at its disposal 
including 
wet chemical 


techniques, 
Auger, 
electron 
microprobe 
and 
scanning 


electron 
microscopy 
with 
stroboscopic 
voltage 
contrast. 


This 
capability 
is complemented 
by 
computer 
tracking 


systems 
to 
evaluate 
failure 
patterns 
and 
distributions. 


A 
simplified 
example 
is illustrated 
in the 
bar 
chart 
of 


Figure 
19. 


CATEGORY 
Gate Oxide Rupture 


Electrically 
Overstressed 


No Defect Uncovered 


Field Oxide Rupture 


Wire Bond Shorts 


Mobile Ion Contamination 


Other Assembly Defects 


Broken Bond Wire 


Secondary Junction Breakdown 


Destroyed in Analysis 


Scratched, Die 


Photo Resist Flaw 


Processing 
and 
Handling 
No matter 
how good the reliability 
data, screening 
procedures, 
or 
incoming 
inspection, 
devices are 
still 
subject to degradation or destruction 
by processing and 
handling. All CMOS vendors use input protection devices 
and most perform well, but there isno devicewhich totally 
protects the circuit against all conditions. Although many 
claims concerning protection 
circuits are made, overall 
performance does not vary widely between vendors. The 
major difference appears to ocCur when only functional 
failures are counted rather than functional and parametric 
changes. 


Most usersare familiar with good static prevention pro- 
cedures, but there are few, if any, who could not have 
prevented a small percentage of 
in-process and latent 
failures by a careful review of their assembly lines. Every 
point at which a CMOS device is handled apart from its 
conductive foam or rail should be evaluated_Conductive 
work surfaces and wrist straps (making contact with skinl 
should be tied to ground through a nominal one megohm 
resistor. Test equipment 
should 
be checked to assure 
grounded sockets during insertion and the absenceof volt- 
age spikes. Printed circuit board handling should be con- 
sistent with device hartdling, using conductive bagsor edge 
connectors. Conformal coating processes(which canextend 
the application 
range of plasticl or cleaning procedures 
should not be overlooked as possible sourcesof difficulty. 
Whenever possible, circuits should include series resis- 
tance and shunt capacitance to reduce production 
and 
maintenence susceptibility. 
Service personnel should be 
educated in handling procedures since even when service 
is completed successfully, valuable failure information can 
be masked by static damage. With reasonable effort very 
little 
static damage can be expected, but considering the 
high cost of repair, a review is always worthwhile. 
A 
second type 
of 
precaution involves the CERDIP 
package_Since this device employs a glass seal, a high 
stresson the leadscan causehermetic'rty failure which will 
eventually 
result in aluminum corrosion on the die. To 


avoid this, the leads should never be flexed above the 
seating plane_All insertion tools or automated equipment 
should contact the leadat its narrowest dimension, allowing 
it to bend without 
affecting the wide portion above the 
seating plane. 
Improper board cleaning procedures can often degrade 
plastic product 
performance. High purity 
fluorocarbon 
systems are preferred to water based systems which can 
more easily introduce contaminants if not properly con- 
trolled. 
Cooling the device during the clean, pressurized 
systems and wetting agents can also enhance the entrance 
of moisture and contaminants into the package along the 
lead-plastic 
interface. 
Even 
if 
contaminants 
are 
not 
present, a thorough 
bake should be performed 
to pre- 


vent premature introduction 
of an electrolyte. 


CONCLUSION 
This discussion has attempted to educate the user with 
the 
pertinent 
concepts 
of 
reliability, 
quality 
control, 
vendor selection and product use_Motorola's reputation 
for reliability 
and customer support has been established 
by the philosophy of its leadership and is being perpet- 
uated through the efforts of CMOS Reliability and Quality 
Assurance.Customer assistanceis always available through 
sales offices, marketing or R & QA personnel directly. 
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·Mechanical and Thermal Data E 


I 


The 
junction·to·ambient 
thermal 
resistance 
values 
of 
dual 
in·line 
packaging 
systems 
used 
in Motorola 
CMOS 


integrated 
circuits 
are graphically 
illustrated 
in Figure 
1. 
Each 
envelope 
represents 
the 
typical 
range 
of 
values 
for 
plastic, 
frit-seal 
or 
ceramic 
sidebraze 
package 
types 


as 
a function 
of 
size. 
The 
values 
were 
obtained 
while 


operating 
in a "still·air" 
environment 
and 
inserted 
into 
low·cost 
sockets 
mounted 
on printed 
circuit 
cards. 


order 
to present 
a comprehensive 
characterization 
of these 


variables, 
a range of values is provided 
rather 
than a single 


point. 


Since 
most 
CMOS 
devices 
dissipate 
insignificant 


power, 
it 
is not 
likely 
that 
thermal 
resistance 
will 
be a 


critical 
design 
factor. 
In those 
situations 
where 
high 
de 


currents 
or high-speed 
operation 
is required, 
the junction 


temperatures 
should 
be estimated 
through 
the 
use of this 


data 
and by knowing 
the actual 
power 
being dissipated 
by 


the device. 
Thermal 
resistance 
is influenced 
by a number 
of fac- 


tors 
including 
die 
size, 
cavity 
size 
and 
die 
bonding. 
In 
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The packaging 
availiability 
for each device is indicated 
on the individual 
data sheets. 
Dimensions 


for the packages are given in this section. 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 688 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
5.97 
7.11 
0.235 
0.280 
B 
4.32 
5.72 
0.170 
0.225 
C 
1.17 
1.91 
0.046 
n.075 
D 
0.25 
0.51 
0.010 ~ 
F 
0.08 
0.15 
0.003" 
0.006 


G 
1.27 BSC 
0.050 BSC 
H 
0.13 
0.89 
0.005 I 0.035 


K 
1.90 
3.05 
0.075 I 0.120 
N 
0.89 
1.52 
0035 
I 0.060 


NOTES: 
1. lEADS. 
TRUE 
POSITIONEO 
WITHIN 
0.13 mm 10.005) RAOIUS 


TO OIM "A" 
& "8" 
AT MAXIMUM 


MATERIAL 
CONOITION. 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 704 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
5.69 
6.35 
0.224 
0.250 
B 
4.06 
5.08 
0.160 
0.200 
C 
1.17 
1.90 
0.046 
0.075 


D 
0.38 
0.51 
0.015 
0.020 
F 
0.20 
0.30 
0.008 
0.012 


G 
1.22 
1.32 
0.048 
0.052 


H 
0.13 
0.89 
0.005 
0.035 


K 
2.34 
2.84 
0.092 
0.112 
N 
0.89 
1.14 
0.035 
0.045 


g. 
8~ 
B 
P 


, 
'~ 


--u-oJ 
F 


QJii: : : : :j] 


P ~A-l 


J~I-'~~~ 
H 
-t 
G ~ 
-H--O 
PLANE 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 632 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
19.05 
19.94 
0.750 
0.785 
B 
6.10 
7.49 
0.240 
0.295 
C 
5.08 
- 
0.200 
0 
0.38 
0.58 
0.015 
0.023 
F 
1.40 
1.77 
0.055 
0.070 
G 
2.54 BSC 
0.100 BSC 


H 
1.91 
2.29 
0.D75 
0.090 
J 
0.20 
0.38 
0.008 
0.015 
K 
3.18 
5.08 
0.125 
0.200 
L 
7.62 BSC 
0.300 BSC 
M 
15° 
15° 
N 
051 
1.02 
0.020 
0.040 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 646 


NOTES, 


1. ALL 
RULES ANO 
NOTES ASSOCIATEO 
WITH 
MO-OOI AA OUTLINE 
SHALL 
APPLY. 


2. OIMENSION 
"L"TO 
CENTER 
OF LEAOS 


WHEN 
FORMED 
PARALLEL 


3. DIMENSION 
"A" 
AND 
"B" 
1632-06) 
DO 


NOT INCLUDE 
GLASS 
RUN·DUT. 


4. 
LEADS WITHIN 
0.25 mm (0.010) 
DIA 


OF TRUE 
POSITION 
AT SEATING 
PLANE 


AND 
MAXIMUM 
MATERIAL 
CONDITION. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
18.03 
19.56 
0.710 
0.770 
B 
6.10 
6.60 
0.240 
0.260 
C 
- 
5.08 
- 
0.200 
0 
0.38 
0.53 
0.015 
0.021 


F 
1.02 
1.78 
0.040 
0.070 
G 
2.54 BSC 
0.100 BSC 
H 
1.32 
2.41 
0.052 
0.095 
J 
0.20 
0.38 
0.008 
0.015 
K 
2.92 
- 
0.115 
- 


L 
7.62 BSC 
0.300 BSC 


M 
0° 
15° 
0° 
15° 
N 
0.51 
0.020 
- 


R 
- 
8.26 
0.325 


NOTES, 


1. LEADSWITHINO.13mm 


(0.005) 
RADIUS 
OF TRUE 


POSITION 
AT SEATING 


PLANE 
AT MAXIMUM 


MATERIAL 
CONDITION. 


2. DIMENSION 
"L" 
TO 


CENTER 
OF LEADS 


WHEN 
FORMED 


PARALLEL. 


3. DIMENSION 
"B" 
DOES NOT 


INCLUDE 
MOLD 
FLASH. 


4. DIMENSION 
"R" 
TO BE 


MEASURED 
AT THE TOP OF 


THE LEADS 
(NOT AT THE 


TIPS). 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 620 


[Ll 


J-lli~~~_ 
~[\ 
, ' 
--H-- 
~L 
0 
F 
SEATING 


PLANE 


1. LEADS 
WITHIN 
0.13 mm 10.0051 RADIUS 


OF TRUE 
POSITION 
AT SEATING 
PLANE 


AT MAXIMUM 
MATERIAL 
CONOITION. 
2. PACKAGE 
INDEX: 
NOTCH 
IN LEAD 


NOTCH 
IN CERAMIC 
OR INK 
DOT. 


3. DIM "L"TO 
CENTER 
OF LEADS 


WHEN 
FORMED 
PARALLEL. 


4. DIM 
"A" 
AND 
"S"(620·06) 


00 
NOT INCLUDE 
GLASS 


RUN·OUT. 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 690 
fi 


r-L: 


, 


"I'I' 
J 
II 
",I, ~V 
---.j 
M 


MILLIMETERS 
INCHES 


LnIM 
MIN 
MAX 
MIN 
MAX 


A 
19.05 
19.94 
0.750 
0.785 


S 
6.10 
7.49 
0.240 
0.295 


C 
- 
5.08 
- 
0.200 


D 
0.38 
0.53 
0.015 
0.021 


F 
1.40 
1.78 
0.055 
0.070 


G 
2.54 SSC 
0.100 
BSC 


H 
0.51 
1.14 
0.020 
0.045 


J 
0.20 
0.30 
0.008 
0.012 


K 
3.18 
5.08 
0.125 
0.200 


L 
7.62 SSC 
0.300 
BSC 


M 
150 
150 


N 
0.51 
1.02 
0.020 
0.040 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
20.07 
20.57 
0.790 
0.810 
B 
7.11 
7.62 
0.280 
0.300 
C 
2.67 
3.94 
0.105 
0.155 
0 
0.38 
0.53 
0.015 
0.021 
F 
0.76 
1.40 
0.030 
0.055 
G 
2.54 8SC 
0.100 
SSC 
H 
0.76 
1.78 
0.030 
0.070 
J 
0.20 
I 
0.30 
0.008 
0.012 
K 
3.18 
I 
5.08 
0.125 
0.200 
L 
7.628SC 
0.300 
SSC 
M 
100 
- 
100 


N 
0.38 
1.40 
0.015 
0.055 


1. LEADS 
WITHIN 
0.13 mm (0.0051 
RADIUS 


OF TRUE 
POSITION, 
AT SEATING 
PLANE 


AND 
MAXIMUM 
MATERIAL 
CONDITION. 


PSUFFIX 
PLASTIC 
PACKAGE 
CASE 648 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
- 
22.10 
- 
0.870 
8 
6.10 
6.60 
0.240 
0.260 
C 
5.08 
0.200 
0 
0.38 
0.53 
0.D15 
0.021 
F 
- 
1.78 
- 
0.070 
G 
2.54 8SC 
0.100 BSC 
H 
0.3B 
2.41 
0.015 
0.095 
J 
0.20 
0.3B 
0.008 
0.015 
K 
2.92 
u.115 
L 
7.62 Bse 
0.300 BSC 
M 
0" 
I 
150 
0° 
15° 
N 
0.51 
I 
0.020 
- 


R 
I 
8.26 
- 
0.325 


NOTES: 


1. LEADS WITHIN 
0.13 mm 
(0.005) 
RADIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONDITION. 
2. DIMENSION 
"L" 
TO 
CENTER 
OF LEADS 
WHEN FORMED 


PARALLEL. 


3. DIMENSION 
"B" 
DOES NOT 
INCLUDE 
MOLD 
FLASH. 


4. "F" 
DIMENSION 
IS FOR FULL 
LEADS. 
"HALF" 
LEADS 
ARE 
OPTIONAL 
AT LEAD 
POSITIONS 
1, 8, 9, and 161- 


5. DIMENSION 
"R" 
TO BE 
MEASUREOATTHETOPOFTHE 
LEADS 
(NOT AT THE TIPS). 


• 


NOTES, 


1. lEAOS 
WITHIN 
0.13 mm 10.005) 
RAO OF 
TRUE 
POSITION 
AT SEATING 
PLANE 
AT 
MAXIMUM 
MATERIAL 
CONOITION. 


2. OIMENSION 
"l" 
TO CENTER 
OF lEAOS 
WHEN 
FO RMEO PARAllEL. 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 707 


MilLIMETERS 
I'lCHES 


OIM 
MIN 
MAX 
MIN 
MAX 


A 
22.48 
23.24 
0.885 
0.915 


8 
7.16 
7.57 
0.282 
0.298 


C 
3.18 
4.27 
0.125 
0.168 


0 
0.38 
0.58 
0.015 
0.023 
F 
0.76 
1.40 
0.030 
0.055 


G 
2.54 8SC 
0.100 BSC 


H 
1.02 
1.52 
0.040 
0.060 


J 
0.20 
0.30 
O.OOB 
0.012 


K 
2.68 
4.44 
0.105 
0.175 


L 
7.37 
7.B7 
0.290 
0.310 


M 
- 
100 
- 
100 


N 
0.38 
1.40 
0.015 
0.055 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
22.22 
23.24 
D.B75 
0.915 


B 
6.10 
6.60 
0.240 
0.260 


C 
3.94 
4.57 
0.155 
0.180 


0 
0.36 
0.56 
0.014 
0.022 


F 
1.27 
1.78 
0.050 
0.070 


G 
2.54 
BSC 
0.100 
BSC 


H 
1.02 
1.52 
0.040 
0.060 
J 
0.20 
0.30 
0.008 
0.012 


K 
2.92 
3.43 
0.115 
0.135 


L 
7.62 
BSC 
0.300 BSC 


M 
0° 
15° 
00 
15° 


N 
0.51 
1.02 
0.020 
0.040 


'lOTES, 


1. 
POSITIO'lAL 
TOLERANCE 
OF LEADS 
(D), 


SHALL 
BE WITHIN 
0.25mmI0.Ol0) 
AT 


MAXIMUM 
MATERIAL 
CONDITION, 
IN 


RELATION 
TO SEATING 
PLANE 
AND 


EACH 
OTHER. 


2. 
DIMENSION 
L TO CENTER 
OF 
LEADS 
WHEN 
FORMED 
PARAllEl. 


3. 
DIMENSION 
B DOES 
NOT 
INCLUDE 


MOLD 
FLASH. 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 677 


NOTES: 


1. LEAOS 
WITHIN 
0.13 mm (0.005) 
RAOIUS 
OF TRUE 
POSITION 
AT 
MAXIMUM 
MATERIAL 
CONOITION. 


2. DIMENSION 
"l" TO 
CENTER 
OF LEAOS 
WHEN 
FORMED 
PARALLEl. 


3. EXPOSED 
CONTACT 
TO 
LEAO 
I, 


OPTIONAl. 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 736 


I;::::::::::IJ 


NOTES: 
1. LEADS 
TRUE 
POSITIONEO 
WITHIN 
0.25 mm (0.010) 
OIA 
AT 


SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONOITION 
(DIM 
"0"). 


2. DIM 
"L'! 
TO 
CENTER 
OF LEADS 
WHEN 
FO RMED 
PARALLEl. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
27.15 
27.71 
1.069 
1.091 


B 
9.65 
10.06 
0.3BO 
0.396 


C 
2.79 
3.56 
0.110 
0.140 


0 
0.3B 
0.53 
0.015 
0.021 


F 
0.76 
1.40 
0.030 
0.055 


G 
2.54 BSC 
0.100 
BSC 


H 
0.51 
1.52 
0.020 
0.060 


J 
0.20 
0.30 
0.008 
0.012 


K 
3.18 
4.45 
0.125 
0.175 


L 
9.91 
10.41 
0.390 
0.410 


M 
- 
10° 
- 
10° 


N 
0.64 
1.27 
0.025 
0.050 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
26.80 
27.81 
1.055 
1.095 


B 
9.14 
9.91 
0.360 
0.390 
C 
3.81 
5.46 
0.150 
0.215 
0 
0.38 
0.53 
0.015 
0.021 


F 
1.27 
1.65 
0.050 
0.065 
G 
2.54 BSC 
0.100 
BSC 
H 
0.51 
1.27 
0.020 
0.050 
J 
0.30 
0.008 
0.012 


K 
2.54 
4.32 
0.100 
0.170 
L 
9.91 
10.41 
0.390 
0.410 
II 
lSO- 
lSO- 
N 
0.25 
0.89 
0.010 
0.035 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 708 


NOTES: 


1. 
POSITIONAL 
TOLERANCE 
OF LEADS 
(01, 


SHALL 
BE WITHIN 
0.25mm(0.0101 
AT 


MAXIMUM 
MATERIAL 
CONDITION, 
IN 


RELATION 
TO SEATING 
PLANE 
AND 


EACH 
OTHER. 


2. 
DIMENSION 
L TO CENTER 
OF 
LEADS' 
WHEN 
FORMED 
PARALLEL. 


3. 
DIMENSION 
B ODES NOT 
INCLUDE 


MOLD 
FLASH. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
27.56 
28.32 
1.085 
1.115 


8 
8.64 
9.14 
0.340 
0.360 
C 
3.94 
4.39 
0.155 
0.173 
0 
0.36 
0.56 
0.014 
0.022 
F 
1.27 
1.78 
0.050 
0.070 
G 
2.54 BSC 
0.100BSC 
H 
1.02 
1.52 
0.040 1 0.060 
J 
0.20 
0.38 
0.008 
I 0.015 


K 
2.92 
3.43 
'0.11510.135 


L 
10.16 BSC 
0.400 
BSC 
M 
()O 
15° 
()O T 
150 


N 
0.51 
1.02 
0.020 
I 0.040 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 623 
[::::::::::1] 
I 
A 
I 


F 
~~ 
{SEATING 
PlANE 
~ft:'~ 
JG L 
-ll--D 
N J -J 
M 
J--\\- 


K 


NOTES: 
1. OIM "L" 
TO CENTER 
OF 


LEAOSWHEN 
FORMEO 
PARALLEL. 


2. LEAOS 
WITHIN 
0.13 mm 
(0.0051 
RAOIUS 
OF TRUE 


POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONOITION. 
(WHEN 
FORMEO 
PARALLEL) 


'TT 
, D "j 
C=A=:J 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 684 


c 


u~ 
I-Ill 
N 
K 
J 
t-:- ---I' 
L 


:EA TlNG 
PLAN E :J 
M 


NOTES: 


1. LEAOSWITHIN 
0.13 mm 
(0.0051 
RAOIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE 
WITH 
MAXIMUM 
MATERIAL 
CONOITION. 


2. LEAO 
NO.1 
CUT FOR 
10ENTIFICATION. 
OR 
BUMP ON TOP. 


3. OIM "L" 
TO 
INSIOE 
OF LEAOS. 
(MEASUREO 
0.51 mm (0.0201 
BELOW 
PKG BASE) 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
31.24 
32.26 
1.230 
1.270 


B 
12.70 
13.72 
0.500 
0.540 


C 
4.06 
5.59 
0.160 
0.220 


0 
0.41 
0.51 
0.016 
0.020 


F 
1.27 
1.52 
0.050 
0.060 


G 
2.54 BSC 
0.100BSC 


J 
0.20 
0.30 
0.008 
0.012 


K 
2.29 
4.06 
0.090 
0.160 


L 
15.24 BSC 
0.600 8SC 


M 
0° 
15° 
0° 
15° 


N 
0.51 
1.27 
0.020 
0.050 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
29.34 
30.86 
1.155 
1.215 


B 
12.70 
14.22 
0.500 
0.560 


C 
3.05 
3.94 
0.120 
0.155 


0 
0.38 
0.51 
0.015 
0.020 


F 
0.89 
1.40 
0.035 
0.055 


G 
2.54 BSC 
0.100 
BSC 


H 
0.89 
1.40 
0.035 
0.055 


J 
0.20 
0.30 
0.008 
0.012 


K 
2.92 
3.68 
0.115 
0.145 


L 
14.86 
15.87 
0.585 
0.625 


M 
15° 
15° 


N 
0.51 
1.14 
0.020 
0.045 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 716 


NOTE: 


1. LEAOS TRUE 
POSITIONEO 
WITHIN 
0.25mm (0.010) OIA (AT SEATING 
PLANE) 
AT MAXIMUM 
MATERIAL 
CONOITION. 


2. OIM "L" 
TO CENTER 
OF LEAOS 


WHEN 
FORMEO 
PARALLEL. 


PSUFFIX 
PLASTIC 
PACKAGE 
CASE 709 


NOTES: 


1. POSITIONAL 
TOLERANCE 
OF LEAOS (0). 


SHALL 
BE WITHIN 
0.25 mm (0.010) AT 


MAXIMUM 
MATERIAL 
CONOITION,IN 


RELATION 
TO SEATING 
PLANE 
ANO 


EACH OTHER. 


2. OIMENSION 
L TO CENTER 
OF LEAOS 


WHEN 
FORMEO 
PARALLEL. 


3. OIMENSION 
B OOES NOT INCLUOE 


MOLO 
FLASH. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
27.64 
30.78 
1.088 
1.212 
8 
14.94 
15.34 
0.588 
n.604 


C 
3.05 
4.19 
0.120 
n 16~ 
0 
0.38 
0.53 
0.015 
0.021 


F 
0.76 
1.40 
0.030 
n.n<5 


G 
2.54 BSC 
n 1 o R.C 


H 
0.76 
1.78 
0.030 n:n7O 
J 
0.20 
0.30 
0.008 n:ni2 


K 
2.54 
4.19 
0.100 
0.165 


L 
14.99 
15.49 
0.590 
0.610 
M 
- 
10° 
10° 


N 
1.02 
1.52 
0.040 
0.060 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
31.37 
32.13 
1.235 
1.265 


B 
13.72 
14.22 
0.540 
0.560 
C 
3.94 
5.08 
0.155 
0.200 
D 
0.36 
0.56 
0.014 
0.022 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.54 
BSC 
0.100 
BSC 


H 
1.78 
2.03 
0.070 
0.080 
J 
0.20 
0.38 
0.008 
0.015 
K 
2.92 
3.43 
0.115 
0.135 
L 
15.24 
BSC 
0.600 
Bse 


M 
00 
15° 
00 
15° 
N 
0.51 
1.02 
0.020 
0.040 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 719 
15l 


B 
I 


"J 
j 
D 


NOTES: 


1. LEAOS. 
TRUE 
POSITIONEO 
WITHIN 
0.25 mm (0.010) 
OIAMETER 
(AT 


SEATING 
PLANE) 
AT 
MAXIMUM 
MATERIAL 
CONOITION. 


2. OIMENSION 
"L" 
TO CENTER 
OF 
LEAOS WHEN 
FORMED 
PARALLEL. 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 710 


NOTES: 


1. 
POSITIONAL 
TOLERANCE 
OF LEA OS (01. 
SHALL 
BE WITHIN 
0.25mm(0.0101 
AT 
MAXIMUM 
MATERIAL 
CONDITION, 
IN 
RELATION 
TO SEATING 
PLANE 
AND 
EACH 
OTHER. 


2. 
DIMENSION 
L TO 
CENTER 
OF LEADS 
WHEN 
FORMED 
PARALLEL. 


3. 
DIMENSION 
B DOES NOT 
INCLUDE 
MOLD 
FLASH. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
35.20 
35.92 
1.386 
1.414 


B 
14.94 
15.34 
0.588 
0.604 


C 
3.05 
4.19 
0.120 
0.165 


0 
0.38 
0.53 
0.015 
0.021 
F 
0.76 
1.40 
0.030 
0.055 


G 
2.54 8SC 
0.1008SC 


H 
0.76 
1.78 
0.030 
0.070 


J 
0.20 
0.30 
0.008 
0.012 


K 
2.54 
4.19 
0.100 
0.165 


L 
14.99 
15.49 
0.590 
0.610 
M 
- 
100 
- 
100 


N 
1.02 
1.52 
0.040 
0.060 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
36.45 
37.21 
1.435 
1.465 


B 
13.72 
14.22 
0.540 
0.560 


C 
3.94 
5.08 
0.155 
0.200 
0 
0.36 
0.56 
0.014 
0.022 


F 
1.02 
1.52 
0.040 
0.060 


G 
2.548SC 
0.100 
8SC 


H 
1.65 
I 
2.16 
0.065 
I 0.085 
J 
0.20 
I 
0.38 
0.008 
I 0.015 


K 
2.92 
I 
3.43 
0.1151 
0.135 


L 
15.24 
BSC 
0.600 
BSC 


M 
00 
I 
150 
00 
I 
15° 


N 
0.51 
I 
1.02 
0.020 
I 0.040 


Z SUFFIX 


LEADLESS 
CERAMIC 
PACKAGE 
CASE 703 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
10.29 
10.67 
0.405 
0.420 
8 
9.27 
9.65 
0.365 
0.380 
C 
1.02 
1.65 
0.040 
0.065 
0 
0.10 
0.61 
0.004 
0.024 
F 
0.38 
0.63 
0.015 
0.025 
G 
1.028SC 
0.0408SC 
H 
0.76 
1.14 
0.030 
0.045 
J 
0.25 
0.51 
0.010 
0.020 
R 
8.76 
9.02 
0.345 
0.355 


NOTE: 


1. SLOTS, TRUE 
POSITIONED 
WITHIN 0.25 mm 
(0.010) TOTAL 
TO DIM. A and 8 
AT MAXIMUM 
MATERIAL 
CONOITION. 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 715 


NOTES: 


1. LEAOS, 
TRUE 
POSITIONEO 
WITHIN 
0.25 mOl 


10.0101 OIA 
(AT SEATING 
PLANEI, 
AT MAX 
MAT'L 
CONOITION. 
2. OIMENSION 'l" TO CENTER 
OF LEAOS 
WHEN 
FORMEOPARALLEL 


P SUFFIX 
PLASTIC 
P~CKAGE 
CASE711 


NOTES: 


1. 
POSITIONAL 
TOLERANCE 
OF lEA OS (0), 
SHALL 
BE WITHIN 
0.25'mm(0,010) 
AT 


MAXIMUM 
MATERIAL 
CONillTlON, 
IN 
RELATION 
TO SEATING 
PLANE 
ANO 
EACH 
OTHER. 


2. 
OIMENSION 
l 
TO 
CENTER 
OF 
LEAOS 


WHEN 
FORMEO 
PARALLEL 


3. 
OIMENSION 
B OOES NOT·INClUOE 
MOlO 
FLASH. 


MilLIMETERS 
INCHES 


OIM 
MIN 
MAX 
MIN 
MAX 


A 
.50.29 
51.31 
1.9BO 
2.020 


B 
14.94 
15,34 
0,5B8 
0.604 


C 
3.05 
4.06 
0.120 
0.160 


0 
0.38 
0.53 
0.015 
0.021 


F 
0.76 
1.40 
0.030 
0.055 


G 
2.54 BSC 
0.100 BSC 


H 
0.76 
1.78 
0,030 
0,070 


J 
0.20 
0.33 
0.008 
0.013 


K 
2.54 
4.19 
0.100 
0.165 


l 
14.99 
15.49 
0.590 
0,610 


M 
- 
100 
- 
100 


N 
1.02 
1.52 
0.040 
0,060 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
51.69 
52.45 
2.035 
2.065 


B 
13.72 
14.22 
0.540 
0.560 


C 
3.94 
5.08 
0.155 
0.200 
0 
0.36 
0.56 
0.014 
0.022 


F 
1.02 
1.52 
0.040 
0,060 


G 
2.54 BSC 
0,100 BSC 


H 
1.65 
2.16 
0.065 
0.085 
J 
0.20 
0.38 
0.008 
0.015 


K 
2.92 
3.43 
O. 15 
0.135 


L 
15.24 BSC 
0.600 BSC 
M 
00 
150 
00 
150 


N 
0.51 
1.02 
0.020 
0.040 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 740 


E-~r]-~r! 
I---rn---I 


NOTES: 


1. OIMENSION rn IS OATUM. 
2. POSTIONAL 
TOLERANCE 
FOR 
LEAOS: 
1.11l 0.2510010l@T 
I A@I 


3.DJ 
IS SEATING 
PLANE. 


4. OIMENSION 
"L" 
TO CENTER 
OF LEAOS 


WHEN 
FORMEO 
PARALLEl. 


5. OIMENSIONING 
ANO 
TOLERANCING 
PER 
ANSI 
YI4.5. 
1973. 


MILLIMETERS 
INCHES 


OIM 
MIN 
MAX 
MIN 
MAX 
A 
60.35 
61.57 
2.376 
2.424 
B 
14.94 
15.34 
0.589 
0.604 


e 
3.05 
4.06 
0.120 
0.160 
0 
0.381 
0.533 
0.015 
0.021 
F 
0,762 
1.397 
0.030 
0.055 
G 
2.54 Bse 
0.100 BSC 
J 
0.203 
0.330 
0.008 
0.013 
K 
2.54 
4.19 
0.100 
0.165 
L 
15.24 BSC 
0.600 Bse 
M 
D· 
10· 
D· 
10· 


N 
1.016 
1.524 
0.040 
0.060 


